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EXECUTIVE SUMMARY

PURPOSE OF THE SUPPLEMENTAL REMEDIAL INVESTIGATION
The U.S. Army Toxic and Hasardous Materiala Agency (USATHAMA) issued
Contract No. DAAX11-83-0-0007 to Environmental Science and Engineering,
Inc. (ESE) to perform tasks relating to the Multi-Installation Eastern
Sites Environmental Contamination Surveys Progrsm. Task Number 0004,
Delivery Order Number 0005, comprises a Remedial Investigation/
Feasibility Study (RI/FS) of the former West Virginia Ordnance Works
(WVOW) to assess contamination and contamination migration in the soils,
surface water, and ground water ai a result of past 2,4,6-trinitrotoluene
(2,4,6-TNT) manufacturing operations and to evaluate potential rmedial
action alternativei. The layout of the former industrial facility is
shown in Fig, 1.

The Remedial Investigation (RI) report (ESE, 1986d) detailed the litewide
contamination status of WVOW. For certain areae of concern (specifically
the Acids Area/Yellow Water Reservoir, the Red Water Reservoirs, snd the
Pond 13/Wet Well Area), important uncertainties remained regarding the
source, extent, and migration potential of contaminated ground water.
Theae uncertainties dictated that additional field data be collected to
support remedial alternative decisionmaking.

To expedite implementation of source srea remedial actioni, WVOW was
divided into two operable units. The first operable unit included the
TNT Manufacturing Area, the Burning Grounds Area, and the industrial
sewerlines. The aecond operable unit included the Acids Area/Yellow
Water Reservoir, the Red Water Reservoirs area, and the Pond 13/Wst Well
Area. The available data for the first operable unit wart aufficient to
complete the RI/FS proceai; all studies have been completed, and<
Record of Decision (ROD) for the first operable unit is scheduli
signed in April 1987.

d M'tSnl. 53Q.
ft'tifbe • "
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This report preienti the findings of the supplemental RI survey and
aummarites the Phase II field program (March through August 1986)
conducted at WVOW in each area of concern in the second operable unit.

SUPPLEMENTAL RI OBJECTIVES
The objectives of the supplemental RI by srea were;

1, Acids Area/Yellow Water Reservoir
a. Determine the limit of contamination in the shallow alluvial

aquifer,
b. Verify the presence and thickness of the gray clay confining

layer and assess the potential for downward vertical
contaminant migration,

2, Red Water Reservoirs
a, Refine estimate of contaminant source strength in the

reservoir sedimenti,
b, Determine the limit of contsmination in the shallow alluvial

aquifer.
c, Verify the presence and thickneei of the gray clay confining

layer and assess the potential for downward vertical
contaminant migration.

3. Pond 13/Wet Well Area
a. Aaieas ground water flow direction in the shallow aquifer.
b. Determine the limit of contamination in the shallow alluvial

aquifer.
c. Verify the presence and thickness of the gray clay confining

layer and assess the potential for downward vertical
contaminant migration.

SUPPLEMENTAL RI APPROACH AHD SCOPE
The Phase II Supplemental RI included shallow and deep monitor wall
installation, wster-level observation wall installation, sediment
sampling, water-level meaaurements, and ground water sampliSiC 3$l'( 54 0

ES-3



D-WVOW-RI-SUP. 1/EXSUM. 3
03/13/87

addition to sampling the wella installed in the supplemental RI program,
existing monitor wells were sampled in each of the three areas of concern
to relate the data from the new wells to the existing data base.

The supplemental RI field program was initiated in March 1986. Ground
water samples from three new deep monitor wells contsined detectable
nitroaromatics, The relative concentration of nitroaroaatica in the deep
wells compared with adjacent shsllow contaminated wells indicated the
probability that contaminated ground water from the shallow aquifer was
carried into the deep aquifer during drilling.

To determine the source of the low levels of nitroaromatics observed in
the deep monitor wells, a deep well resampling program was conducted in
August 1986. One of the three wells was selected for time-series
sampling. In the time-series sampling, the well was pumped continuously
for an extended period of time and was sampled at periodic time steps
throughout the pumping. Each successive pumped sample repreeented ground
water quality at increasing distance from the pumped well. The pattern
of contaminant arrival, concentration, end duration provided data
relevant to the presence, strength, and location of the coataminant
source. Selected deep and shallow monitor wells also were resanpUd.

The individual elements of the supplemental RI field program are
presented in Tsble 1.

SUPPLEMENTAL RI RESULTS
The principal findings of the supplemental RI area of concern within the
second operable unit are described in the following sections.

ACIDS AREA/YELLOW WATER RESERVOIR
1. Contaminant sources were identified in the Phase I survey and

include the sediments of the Yellow Water Reservoir and
contaminated soil in the vicinity of the neutralitat

2, Nitroaromatic contamination exists in the shallow aquifer, The
contamination is limited in areal extent,

ES-4
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Table 1, Supplemental RI Field Program

Area of Concern Field Program Elements

I Acidi Ares/Yellow Wster 1. Instsll one shallow monitor well.
Reiervoir 2. Install one deep monitor well.

3. Sample new and existing wells.
4. Conduct time-series sampling of deep

monitor well.

Red Hater Reservoiri 1. Install three shallow monitor wells.
2. Install one deep monitor wall,
3. Conduct sediment sampling of

reservoirs.
4. Sample new and existing wells.

Pond 13/Wet Well Area 1. Instsll one shallow monitor well.
2. Install one deep monitor well.
3. Initall one shallow water-level

(N, observation well.
**** 4. Sample new and existing wells.

Other Tasks 1, Measure water levels at all wells and
surfsce water gaging stations at WVOW
(April 1986).

2. Reiample Well GW36D (TNT
Manufacturing Area).

3. Initall shallow monitor well at north
portion of TNT Manufacturing Area.

4. Sample deep water supply well at
Clifton F. McClintic State Wildlife
Station (HcClintic Wildlife Station).

Source: ESE, 1987.

ES-5
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3. The gray clay confining layer is present at the Yellow Water
Reservoir and acts as an effective barrier to vertical
contaminant migration.

4. The contamination detected in the deep aquifer in April 1986 wai
attributed to shallow contamination being carried into the deep
aquifer during drilling. The data obtained during the
time-series ssmpling of CW27D and the resampling of CW36D
confirmed this theory.

5. Ground water flow direction in the shallow aquifer is to the
west; ground water flow in the deep aquifer is to the north.

RED WATER RESERVOIRS
1. The source strength of the sediments of Pond 1 and Pond 2 was

refined through the sampling and analysis of deep sediment
cores. Low Isvels of nitroaromatica were detected in several of
the deeper sediment ssmples. fetjj

2. Nitroaromatic contamination was detected in the shallow ground
water at Monitor Wells GW30, CW45, CW46, GW47, and 3HW6. At
SHW6, located at State Route (SR) 62, the contamination is
present st very low levels [0.2 micrograms per liter (ug/L) of
2,4,6-TNT); the downgradient limit of contamination is projected
to occur at or immediately west of SR 62.

3. The gray clsy confining layer is present at the Red Water
Reservoirs and acts as an effective barrier to vertical '
contaminant migration.

4. The apparent low-level contamination detected in the deep
aquifer in 1986 is attributed to shallow contamination being
carried into the deep aquifer during drilling, The data
obtained during the time-series sampling of CW27D and the
resampling of CW36D confirm this theory.

5. Ground water flow direction in the shallow aquifer is to the
northwest; ground water flow in the deep aquifer ii.ejpACAtid fto ij
have a northerly component. ' •

ES-6
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POND 13/WET WELL AREA
1. A major source of the contamination observed st Pond 13 is the

nesrby Wet Well Wl.
2. The ihallow sand aquifer appears' to be areally limited and is

bounded by clsy-dominant sediments observed at CW48D to the
north and GW22D to the east,

3. The grey clay confining layer is present at Pond 13 and acts as
an effective barrier to vertical migration.

4. Bated on the water levels measured in the RI (ESE, 1986d) and
aupplemental RI (ESE, 1986a), essentially no direction of ground
water flow is apparent in the shallow aquifer,

5. The hydraulic head observed in the deep monitor wells is higher
thin those observed in the shallow aquifer, further
substantiating the conclusion that vertical contaminsnt
migration at Pond 13 is unlikely.

ES-7
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1.0 INTRODUCTION

The U.S. Any Toxic and Hazardous Materials Agency (USATRAMA) issued
Contract No. DAAX11-83-D-0007 to Environmental Science and Engineering,
Inc. (ESE) to perform tasks ralsting to ths Multi-Installation Eastern
Sites Environmental Contamination Surveya Program. Task Humbar 0004,
Delivery Order Number 0005, comprises a Remedial Investigation/
Feasibility Study (RI/FS) of the former Wast Virginia Ordnance Works
(WVOW) to assess contamination and contamination migration in the soils,
surface water, and ground water as a result of past 2,4,6-trinitrotoluene
(2,4,6-TNT) manufacturing operations and to evaluate potential remedial
action alternatives. The layout of the former industrial facility is
shown in Fig. 1.0-1.

The Remedial Investigation (RI) report (ESE, 1986d) detailed the sitewide
contamination status of WVOW. For certain areas of concern (specifically
the Acids Area/Yellow Wster Reservoir, the Red Water Ressrvoirs, and the
Pond 13/Wet Well Area), important uncertainties remained regarding the
source, extent, and migration potential of contaminated ground water.
These uncertainties dictated that additional field data be collected to
support remedial alternative decisionmaking.

To expedite implementation of source area remedial actions, WVOW was
divided into two operable units. The first operable unit included the
TNT Manufacturing Area, the Burning Grounds Area, and the industrial
saverlines. The second operable unit included the Acids Arss/Yellow
Water Reservoir, the Red Water Reservoirs area, and the Pond 13/Wet Hall
Area. The available data for the first operable unit were sufficient to
complete the RI/FS procees; all studies have been complstsd sad the
Record of Decision (ROD) for the first operable unit is schsdiiti* fblJ>K[ig
signed in April 1987.

1-1
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Flgura 1.0-1
WVOW STUDY AREAS ORDNANCE WORKS

Supplemental Rsmtdlal Invntlgatlon
Phut II Field Program

WEST VIRGINIA

1-2



D-HVOW-RI-SUP.1/1.2
03/13/87

This report presents the findings of ths supplements! RI survey and
summarises the Phase II field program (March through August 1986)
conducted at WVOW in each area of concern in the eecond operable unit.

1.1 SUMMARY OF CONTAMINATION STATUS

The following paragraphs are a summary of the overall site contaminant
sources and contaminated media. The principal sitewide contaminanti are
nitroaromatic rasiduss, and the predominant compound observed was
2,4,6-TNTj 1,3,5-trinitrobencana (1,3,5-TNB) and 2,4-dinitrotoluana
(2,4-DNT) were alao widely distributed. The major nitroaromatic
contaminant source areas are shown in Fig. 1.1-1 and include:

1, The surface and subsurface soils in the TUT Manufacturing Area,
2. The industrial sewerlines in the TNT Manufacturing Area and the

trunk sewerlines leading fron the Pond 13 area to the outfalls,
and

3. The surfsce soils in the East and West Burning Grounds.

In these areas, concentratione ranging to the low-percent levels
«10 percent) were encountered, Fist-sized pieces of crystalline
nitroaromatic residue were encountered in the Burning Grounds Area.
These eource areas contribute surface water and ground water
contamination by nitroaromatics and represent a hazard to human beings
end wildlife as a result of direct contact. A vary imall area '
(approximately 100 square feet (ft2)] of surfacs soila in the Acids
Area/Yellow Water Reservoir area is also contaminated with nitroaroeutics
to approximately the 1-percent level.

The Red Water Reservoirs sediments, Yellow Water Reaervoir. soils, and the
Wet Well/fond 13 seep ares sediments are contaminated to a leaser degree
and do not represent a direct contact threat, but contribute to surface
water and ground water contamination. These source srsss art shown in
Fig. 1.1-1.
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Asbestos, dispostd primarily at the Wast turning Grounds, rtprtttntt t
direct contact hazard in this aria. Surface water migration of asbestos
is occurring into tht driintge leading from this source area into Oldtown
Cretk, Waters of the draintgt artt and Oldtown Cratk art not uttd it
drinking water tourctt or for body contact recreation. Polynucletr
aromatic hydrocarbons (PAHs) and lied also ware obstrvtd in tht Wtst
Burning Grounds. Although thttt contaminants represent t potsntisl
contact hazard in the tourct trat, no gtniralizad migration appears to
have occurred. Asbestos also txitts offsits in tht powerhouses tnd Htton
Furniturt Co. Accttt to the south powerhouse is not restricted. Mason
Furniture Co. it privtttly owned,

Ttble 1,1-1 indicates the msximug concentrations observed in various
contsminattd areat and mtdia for catagorits of contamiuntt aisocistad
with the WVOW site. In each arts, sampling strategy was designed to
identify and sample the mott contamlnattd artss, so the maximum
conctntrttiont art not nactitarily raprtttntttivt of tht typicsl
conctntration in ttch tourcc tret.. In virtually all tourct artat,
sevtrtl tampltt wtrt collected that were uncontamlnattd, thus
realistically dtfining tht txttnt of contamination. Dtttilt of tht
contaminant distribution in ttch aourct trtt trt presented in tht RI
report (ESE, 1986d).

1.2 SUPPLEMENTAL RI OBJECTIVES
As sttted previously, important imcartaintias rtmtintd at tht conclusion
of tht initial RI turvty rtgtrding the tourct, txttnt, and migration
potential of contaminated ground water for tht srsi*a of conctrn within
the stcond opersble unit, Sptcific objtctivtt wtrt determined for ttch
artt of conctrn. Tht objective! of tht supplemental RI by artt art:

1. Acida Area/Yellow Wattr Reiervoir
a. Dtttrmint the limit of contamination in tht thtllo

aquiftr.
b. Vtrify the prtstnct and thicknttt of tht grty clay confining

laytr tnd assest tht pottntltl for downwtrd vertical
contaminant migration,

1-5
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Table 1,1-1. Summary of Contamination Statut of the Second Operable Unit
at WVOW

Maximum
Envlronoental Concentration
Medlun Contaminant Detected*

Acids Area/Yellow Wster
R e s e r v o i r " ~ "

Soils Nltroaroostics U (itoltttd artt
approximately
100 ft2)

Lead 100 ug/g

Sewerlines Nitroaromatics 2,830 ug/g

Surface Water Uncontamlntted —

Ground Water Nitroaromatlct 15 ug/L

Rsd Hater Reservoirs

SolIt Unconttmintted —

Sewtrllnes Nitroaromatics 0.2*

Surface Water Uncontamlnated . —

Sediments Nitroaromatics 2,210 ug/g

Ground Water Nitroaromatics 17 ug/L
i

Pond 13/Wet Well Area

Soila Nttroaromttlci 5.3 |ig/g

Sewirlines Unconttmlntttd —

Surface Water Nitroaromatlca 70 ug/L
Lttd 32 in/If

flR3p(}55p
O
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Table 1.1-1. Summary of Contamination Status of the Second Operable Unit
at WVOW (Continued, Page 2 of 2)

Maximum
Environmental Concentration
Medium Contaminant Dettcted*

Pond 13/Wet Well Area (Continued)

Sediments Nltroaromatlct 4,240 ug/g

Ground Water Nltrotromatlci 50,000 ug/L

Nott: ug/g • mlcrogrimt par gram.
ug/L • mlcrogramt ptr liter,

*In etch area, tsmpling ttrtttgy wat designed to Identify and staple the
mott contaminated areat, to tht maximum conctntratlont art not
necessarily represents!ive of the typical conctntrttion In ttch aourct
artt, In virtually all tource treat, several tampltt wtra colltcttd |i!fti
that wart uncontsalnsted, thut realistically dtflnlng tht exttnt of
contiminttion.
tLead in ground tnd surface wtttrt did not txcttd relevant standards or
criteria [e.g., National Interim Primary Drinking Water Rtiulations
(NIPDWR) • 50 ug/L).

Source: ESE, 1987.

AR3Q!f55l
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2. Red Water Reservoirs
a. Refine estimate of contaminant source strength in the

reservoir sediments.
b. Determine the limit of contamination in the shallow alluvial

aquifsr.
c. Verify the pretence tnd thicknttt of tht gray clay confining

layer and asstss tht pottntial for downward vertical
contaminant migration.

3. Pond 13/Wet Well Area
a. Asssss ground water flow direction in the shallow aquiftr.
b. Dtttrmint the limit of contamination in tht thtllow alluvial

tquifer.
c. Verify the pretence tnd thickntts of the [ray city confining

laytr and atttts the potential for downward vertical
contaminant migration.

1.3 SUPPLEMENTAL RI APPROACH AND SCOPE
To address the data gaps listed in Sec, 1,1, the Phaie II Supplemental RI
included shallow and deep monitor well installation, water-level obtarvs-
tion well initallation, sediment lampling, wtttr-ltvtl measurements, and
ground water sampling. In addition to sampling the walls installed in
the supplemental RI program, existing monitor wills wtre ttmpltd in etch
of the three treat of conctrn to rtlate the chemical data from tht ntw
wells to the existing dttt btse,

The supplemental RI field program was initittid in Mtrch 1986, Ground
wtttr ssmples from three new deep monitor wells contained dtttcttblt
nitroiromitici. Tht relative concentrttion of nitrotromatict in the deep
wells compared with adjtctnt shallow contaminated veils indictttd tht
probability thtt contaminated ground water from the shallow aquiftr wit
carritd into tht dttp tquiftr during drilling.

AR30t}552
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To determine the tource of the low levels of nitroaromatics observed in
the deep monitor veils, a deep well resampling program was conducted in

I August 1986. One of the three wells wai stltctid for timt-itrits
j tampling. In the time-iirits stapling, tht well (GW27D) wat pumped

continuously for sn txttndtd period of time and wai itmpltd at periodic
time ttapt throughout the pumping. Each auccassivt pumptd itmplt
rtpriitnti ground water quality at increasing distance from the pumped
well. The pattern of contaminant arrival, concentration, and duration
provided data relevant to the presence, strength, and location of the
contaminant source. Selected deep and shallow monitor wells also were
rtstmpltd,

The individual elementi of the supplemental RI field program trt
prettnttd in Table 1.3-1.

1.4 SUPPLEMENTAL RI REPORT ORGANIZATION
This supplemental RI report is structured in general accordance with
format guidance trom the U.S. Environmental Prottction Agtncy (EPA) (EPA,
1985). The overall format of data presentation it grouped by major araa
of concern.

Sec. 1.0 (Introduction) presents an overview of previout itudits
conducted at the site, a summary of tht supplemental RI survty, tnd tht
structnrt of the RI report,

Sec. 2.0 (Field Methodology) dttcribit the technictl tctivititi tnd
invtttigttioni performed during tht supplemental RI survey. Thit itction
tlso includaa the tite selection rationale for atdiment stapling tnd
monitor well installation. Tht iptclfic fitld tnd analytical proctdurai
(e.g., monitor wtll drilling, bortholt loga, chemical anslyaii) employed
in the supplemental RI survey followed those proctdurtt raployid in thi
inititl RI survey, As such, these detailed procidurts trt incorportttd
by reference (ESE, 1986d) tnd tre not presented in detail

1-9
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Ttble 1.3-1, Supplementtl RI Field Program

'Area of Concern Field Program Elements

Acids Area/Yellow Water 1. Instsll one shallow monitor will,
, Reservoir 2. Initall ont dtep monitor well,

3. Simple ntw tnd exiiting wills.
4. Conduct timi-series sampling of deep

monitor well.

Red Water Reservoirs 1. Install three shallow monitor wells,
2. Initall one deep monitor will.
3. Conduct ndiment sampling of

rtservoirs.
4. Sample ntw tnd txisting walla.

Pond 13/Wet Well Area 1. Initall one ehallow monitor will.
2. Insttll one deep monitor wall.
3. Install one shallow wster-lsvsl

obstrvttion will.
4. Simple ntw tnd txitting wells,

Other Tssks 1. Messure water levels it all walls tnd
surface water gtging stationi at WVOW
(April 1986).

2. Rtiamplt Will GW36D (TNT
Manufacturing Am).

3. Instill shallow monitor will at north
portion of TNT Ntnuftcturing Am.

4. Sample deep aquifer water tupply will
at Clifton P. McClintic Wildlife
Stttion (McClintic Wildlife Stttion).

Sourct: ESE, 1987.
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Sec, 3.0 (Ground Water Hydrology) presents the results of the
supplsmentsl hydrogtologic invettigttion for ttch area of concern. A
ditcutsion of sittwidt hydrogeology at it tffscta nitroiromitic
conttminant dittribution and migration potential is also included.

Sec. 4.0 (Contamination Aiststment) presents the results of tht
tuppltmtntal templing and analysis program for itch area of concirn.

Stc. 5,0 (Summtry tnd Conclusions) prttents the significant reaulta of
the supplemental RI survey for each area of concern.

AR30I)555
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2.0 SUPPLEMENTAL RI FIELD PROGRAM METHODOLOGY

The tupplementsl RI field and laboratory program were carried out from
March through September 1986 to refine the nature and extent of ground
water contamination to meet the objectivea described in Sec. 1,2. The
protocols snd methodologies for the field and laboratory programs were
the same aa thoae used in the initisl RI program; these procedures are
described in the following appendixes of the initial RI report (ESE,
1986d):

App. A—Geotechnical Investigstion Methodology (well drilling and
in'stsllstion, ground water sampling, water-level
measurements)

App, B~Surface Water and Sediment Inveatigation Methodology
(sediment sampling)

App. D--Laboratory Procedurea and Data Reduction (chemical analysis,
sample control, data management)

App, E--Quality Aiaurance (Project Quality Atturtnce (QA) Plan]

Theae appendixes of the initisl RI report are not reproduced herein.

The supplemental RI program included water-level observation well
installation, monitor well installation, water-level messunmentt,
sediment ssmpling, monitor well sampling, and laboratory analyses of
water and sediment asmples.

2.1 SITE SELECTION RATIONALE
2.1.1 SEDIMENT SAMPLING LOCATIONS
Additional sediment stmpltt were collected during the lupplamental RI
program in order to refint the contaminant tource strength in the
atdimtntt of Ponds 1 tnd 2, tht Rtd Wattr Ktttrvoiri. At Pond 1, samples
wtrt collected at tht north tnd, it tht center, and at tht formtr outltt
flow ttructurt. At Pond 2, tsmpling stttions were located at the north
tnd, at the ctnttr, tnd at the former inlet structure, ThflKi3OJ*p55i6
locations ars shown in Fig. 2.1-1.

2-1



0 PHASE IIUDIMINT MMFUNO LOCATrOM

Figure 2.1-1
PHASE II SEDIMENT SAMPLING LOCATIONS
IN THE RED WATER RESERVOIRS

WEST1
ORDNANt

Suppltmtnttl Rtmtdlil Invtitlgitlon
Phut II Flild Prognm

2-2



". D-WVOW-RI-SUP.1/21.2
03/13/87

2.1.2 WATER-LEVEL OBSERVATION WELL LOCATION
One additional wtter-levtl obatrvttion well (OW32S) wta installed at the
Pond 13/Wet Well Aret during tht supplemental RI program. The well,
which is located west of Wet Well No. 1 and northwest of Will EPA04, ii
completed in tht shtllow tquiftr. The well location wit ttltcttd to
provide additional trttl covtrage to aid in the definition of shallow
ground water flow patterns. Tht observation well location is shown in
Fig. 2.1-2.

-/

2.1.3 MONITOR WELL LOCATIONS
Nine monitor wells were installed during the tuppltmentil fitld RI
progrim. The locttions of ill WVOW monitor walla art ihown on
Fig. 2,1-3, The site selection rationale for etch Phut II monitor will
it ihown in Ttble 2.1-1.

|ti'""N! 2.2 WATER-LEVEL MEASUREMENTS
Wattr-level meaiurementi were taken periodically throughout tht field
progrim. One complete let of wtter levels for ill surface wtttr tnd
ground wtttr atations was collected on Apr. 22, 1986; partial eats of
ground water level measurements were collected on Aug. 11, 1986, and
Aug. 14, 1986, Water levels were meisurtd uting either the wtttid-ttpt
method or an electric probe.

AR3(H>558o
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Table 2.1-1. Monitor Well Site Selection Rationale, Phaie II Field
Program

Well Designation Selection Rationale

Yellow Water Renarvoir

1 ' CW27D Located adjacent to Yellow Water Reservoir
near Well CW27; verify presence and thick-
ness of gray clay layer; aisett wsttr
quslity in deep tquiftr; determine verticil
hydraulic graditnt,

GW44 Shallow well downgrtditnt of Yellow Water
: , Reservoir; define downgrtditnt limit of

contamination in shallow tquifer.

Red Hater Reservoirs

j CW45, CW45D Well pair immediately downgraditnt of Red
Wtter Reservoirs; verify presence tnd thick-
ness of griy city liytr; assess water

| ' quality in thillow ind deep iquifers; deter-
mine vertical hydraulic gradient,

GW46, GW47 Shallow downgradient wella; provide better
definition of ground wster flow rite and
direction.

Pond 13/Wet Well Area
t
, OW32S Shallow water-level obaervstion well north-
: wast of EPA04. Provide additionil defini-
I tion of shtllow aquifir extent and ground
! water movement,

CW43 (TNT Shallow well initallid adjacent to CW12D.
! Manufac- Determine shallow aquifer water quality in

turing northern THT Manufacturing Area near
Area) Pond 13; establish verticil hydraulic

graditnt.

flR30tv56l
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Table 2.1-1. Monitor Well Site Selection Rationale, Phase II Field
Program (Continued, Page 2 of 2)

Well Deiignation Selection Rationale

GW48D Assess ground water quality in deep aquifer;
verify presence and thicknm of gray clay
layer; determine hydraulic head in dtep
tquiftr. Originally inttndtd as a wall
piir, the proposed shallow Will CW48 wit not
drilled when CW48D tncounttrtd only tht deep
aquifer. At GW48D, clay deposits txttndtd
from the surface to 75-foot (ft) depth; tht
shallow alluvial aquifer wae not prannt.

GW49 Shallow aquifer monitor wtll tut of
Pond 13; provide btttir definition of ground
water flow rate and direction.

Source: ESE, 1987.

AR30K562
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2.3 WELL INSTALLATION
2.3.1 WATER-LEVEL OBSERVATION WELL
A single water-level obaervation well (OW32S) was inatalled at the
Pond 13/Wet Well Area. The borehole was advanced by hand using a
stsinliss-steel bucket auger, Borehole logging end documentation
procedures and construction of the shsllow observation well followed the
detailed methodology contained in the initial RI report, App. A, Sec. A.2
(ESE, 1986d). Observstion well construction is shown in Fig. 2.3-1.

2.3.2 GROUND HATER MONITOR WELLS
All monitor wells were constructed in accordance with the Ceotechnical
Requirements for Drilling, Monitor Wells, Data Acquisition, and Reports
(USATHAHA, 1933). Drilling was performed under contract to Bowsar-Morner
Testing, Inc., Dayton, OH, All wells were drilled by Patterson Well
Drilling (a subcontractor to Bowser-Morner), Dayton, OH, using a
Bucyrua-Erie 22W cable-tool drilling rig, Drilling procedures, borehole
logging and documentation, well construction, and well development
ipecificttions followed the detailed methodology contiintd in App. A,
Sec. A.2 of the initial RI report (ESE, 1986d). A summary table lilting
materials used in well construction is shown in Table 2.3-1. Typical
well construction is shown in Fig. 2.3-2. Well construction
specifications for all WVOW monitor wells are shown in Table 2.3-1.
Summary dita from the monitor well development program are included in
App, A. Well loga are included in App. B,

Joseph L. Leach, a land surveyor registered in the State of West Virginia
(Registration No. 183), surveyed all ground water ssmpling itttiont
issocitttd with thia ssmpling and analysis progrim. In addition,
txiiting monitor well EPA02 was resurveyed for elevation. U.S. Army
Corps of Engineers (CE) benchmarks CA-47 and GA-53 wart uttd 11 tht
reference markers for horitontal control at WVOW, Vertical control was
obtained from U.S. Coaat and Geodetic Survey markers Q104
Stitt Route (SR) 62. Locttion ind deicription of ill temporary
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Table 2.3-1. Well Construction Msterisls

Material Description/Brand Source/Supplier

PVC Casing 4.5-inch OD, Schedule 40, Diedrich Drilling
(Monitor Hells) flush threaded Equipment, Inc.,

LaPorte, IN

PVC Screen 4.5-inch OD, Schedule 40, Diedrich Drilling
(Monitor Hells) flush threaded, 0.020-inch Equipment, Inc. ,

slot LsPorte, IN

Stainless Steel 1.25-inch ID, Johnson Johnson UOP,
Screen (Observation Redhead", atainless-steel Inc., St, Paul,
Well) drive point, wire wound, MN

0.010-inch alot

Steel Casing 1.0-inch ID, external Bowser-Morner
(Obiervation Well) couplings Testing, Inc.,

Dayton, OH
(locally
obtaintd)

Bentonite (Powder) Quik-gel* (western sodium NL Biroid,
bentonite) Houston, TX

Bentonite (Pellets) Volclay* tablets (0.5-inch American Colloid
diameter) Company, Skokie,

IL

Sand Pack Beat Sand, Grade 430 Best Sand
Corporation,
Chardon, OH

Cement Portland* Type I, Lone Louisville Ctmtnt
Stir Cement Co., Louisville,

XY

Drilling Wtter Glacial outwash (probable-- "Doghouse" Kill,
no well log available) located tdjtcint

to i birrtcki-
typt building,
3,600 ft
northwsst of
Rangtr Station

Note: PVC • polyvinyl chloride, ., D
OD • outiide dismeter. H "
ID • inside diameter.

Source: ESE, 19B6a.
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benchmsrks are included in the surveyor'i field notei. All surveying
data were recorded in state planar coordinates, All survey calculations,
map location and description of permanent benchmarks, and documentation
of survey closure accuracy are contained In the surveyor's report
(App. D).

AR30t»56.7
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2.4 GROUND WATER SAMPLE COLLECTION PROGRAM
The ground water sampling program consisted of sampling all new monitor
wella and selected existing monitor wells .in April 1986. An additional
ssmpling program which focused on the deep monitor wells wai conducted in
August 1986. The location! of the veils simpltd during Phase II an
shown in Fig, 2.4-1. The August program included time-iarits sampling of
GW27D tnd GW27 and routine sampling of additional ehallov and deep
monitor wella. With the exception of the time-aeries sampling,
aingle-well sampling followed the procedures described in App. A,
Sec. A. 5 of the initial RI report (ESE, 1986d).

The time-series sampling program wai initiated whin low levels of
nitrosromatics were detected in deep Monitor Wells CW27D, CW45D, tnd
GW48D in the April 1986 tamplea, A similar situition hid occurrtd in tht
initial 1984-85 field program, wherein GW36D (TNT Manufacturing Artt)
contained trice levels of 2,4,6-TNT, It was believed that tht low levels
of contaminants in GW36D had been carried from the contaminated ahallow
aquifer into the deep aquifer, Retampling of CW36D in April 1986
indicated that no detectable contamination waa preient in the dttp
aquifer at this location.

Resampling of the deep monitor welli was conductsd in August 1986, In
addition to the conventional sampling of GW45D, GW48D, and DGHW, timt-
series stmpling was conducted at GW27D. Well CW27D wae pumped
continuously for 48 hours and was sampled it periodic time steps
throughout the pumping. In this manner, eucceislve pumped sampltt
rtpresent ground wtter quality it increaaing diitinctl from tht pumped
well (Keely and Wolf, 1983). The pattern of contaminant arrival,
concentration, and duration provided data relevant to tht prtianct,
itrtngth, tnd location of the contaminant tourct. In addition to CW27D,
CW27 wit sampled at similar time at apt.

«R30!;568
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During the time-ieriei aampling, Well GW27D waa pumped with a aubmsriible
pump; the pump intake wai located approximately 4 ft above the bottom of
the well. Periodically during the iimpling, the pump wai ilowly raited
while pumping to mix the water column in the wall bort. Etch timplt was
collected with a dedicated bottom-filling 2-inch diameter PVC bailer,
The bailer was submerged approximately 5 to 10 ft in the watar column for
timplt collection. The pump wit running when tsmplti were colltctid.
Prior to initiation of pumping, i iimpli was colltctid in Hills CW27D
and GW27. Since these wells hid not been pumped, tht water ttmple may
not hive been reprtsentitive of true tquifer composition.

Summary in aitu measurements regarding well stapling trt ihown in
Table 2.4-1. Laboratory tnilyiis mtthods followed the procedures
described in App. D of the initisl RI report (ESE, 1986d). Ditails of
ssmple contsiners, sample volumes, and preservation ttchniquti followed
the procedures described in App. E of the initisl RI report (ESE, 1986d).

The mstrix of pirimeters analyzed in the ground vittr aampling program it
ihown in Table 2.4-2.

rtR30«70
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Table 2,4-1, Phaie II Ground Water Sampling Summary

______Parameter*________ Well Nuabar of
Will Conductivity Temperature Purging Wtll Volunti

Ditignation pH (uoho/cm) (°C) Equlpminw Removed**

April 19B6 Sampling

CW22 6,5 167 16,4 B 5.1
CW22D 6,6 154 15,3 B 5.4
GW23S 6,3 236 12,9 C 9,6
GW23I 5,8 133 13,7 C 5.1
GW27 5,3 126 14,0 C 6.1
GW27D 6,6 212 15,2 B 7.0
GW28 5.4 065 12.4 C 5.7
GW29 6.0 243 15,3 B 7.4
GW30 5.8 214 13,8 B 16.0
CW31 5,7 225 13,7 B 6.7
GW32 6,2 212 16,9 C S.O
GW32D 6,8 196 12,0 B 6.6
GW33 6,7 606 12.3 A 5.1
GW34 5,3 430 14,8 C 7.2
GW34D 6.5 205 14,8 B 6,4
GW36D 6.9 226 13,5 B 6.0
CW40 5,0 207 13,8 B S.4
GW40D 6.5 187 14,6 B • 5,4
CW41 5,4 205 13.6 C 5,7
GW42 5,3 055 13,7 C 8.3
GW43 5.0 075 12,4 B 7.3
CW44 5.9 OB6 14,3 C 6.0
GW45 5,8 264 15,2 B 5.7
GW45D 8,0 287 15,3 B 5.4
CW46 6,3 286 15,2 B 8.4
CW47 6.1 401 13,8 B 13,3
GW48D 6,7 178 16,0 B 5.9
CW49 5,8 059 13,5 C 7.1

EPA01 6,4 188 20,2 C 5.4
EPA02 5.9 221 14,0 C 10.4
EPA03 6.6 184 12,2 A 5,7
EPA04 6.3 716 14,7 C 5.6

SHW6 7,3 500 16,6 B
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Table 2,4-1, Phase II Ground Water Sampling Summary
(Continued, Page 2 of 2)

_____Parameter*________ . Well Number of
Well Conductivity Temperature Purging Well Volumes

assignation pH (uoho/cm) (°C) Equipments Rtmovtd**

August 1986 Sampling-Tlm« Serins Sampling! CU27D. CW27++

GW27D-1 8,3 180 17.0 A 0,0
CH27D-2 8.0 201 18.0 B 1.0
GH27D-3 7.0 209 16.0 B 5.0
GH27D-4 7.3 215 15,5 B 4 hr***
GH27D-5 6.9 220 14,0 B 8 hr***
GU27D-6 9.1 265 16,0 B 24 hr***
GU27D-7 9.2 280 17,0 B 48 hr***
CW27-1 6,6 089 16,5 A 0.0
GW27-2 5.9 088 16,2 A 0.0
GW27-3 6.0 094 16.0 A 0.0
GU27-4 6,4 110 14.0 A 0,0
GW27-5 6.3 110 13,0 A 0.0
GW27-6 6,9 . 102 16,0 A 0.0
GH27-7 6.1 102 16.2 A 0.0

August 1986 Sampllne--Slnel« Well Sampling

O
GW41
GW44
CW45
GW45D
GW47
CW48D
DGKW

5,4
6.1
6,4
8.1
6.5
6,6
6,8

175
057
210
232
291
136
250

14,0
14,0
15.0
16.0
16.0
16,0
16,5

C
C
B
B
B
B
D

7.0
6.1
9.8
5,4
7.1
6.3
5.2

*Measured at end of prasampllng purging,
tWell purging equipment:
A - dedicated PVC bailer, C - 2-inch centrifugal pump.
B - 3-inch submersible pump, D - permanent pump In will.

**Wtll volumi--standing wattr in will citing plui aaturattd annulus
(30-percent porosity).

+tPumplng ratt of GW27D was 8 to 9 gallona pir minute; GW27 was not
pumped. Nott that lubianpltt 1 through 7 for CW27 wart taktn
concurrtntly with tubsaaplea 1 through 7 from GW27D.

***Riftri to ilapitd tint of pumping GW27D during tine-series aaapllng,

Nott: uaho/cm - micromhos ptr centimeter,
°C - degrees Celsius, . r-,nAR30t»572

Sourct: ESE, 1987, . ,
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Table 2.4-2. Ground Hater Sample Analyiii Schedule

Well
Designstion

CW22

CW22D

GW23S

CW23I

GW27

GW27D

GW28

CW29

CW30

CW31

GW32

GW32D

GW33

GW34

GW34D

GW36D

GW40

GW40D

GW41

GW42

CH43

CH44

Type of Chemical Analysis*
April 1986 August 1986

A ™"

A

A

A

A A

A A.B.C.D.E.F.G

A

A

A ™~

A "*•

A

A ™*

A "*

A *™

A

A "~

A

A

A A

A

A AR30I*'
A A
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Table 2.4-2. Ground Wtter Simple Anilyiis Schedule
(Continued, Page 2 of 2)

Wtll
Dia ignition

CW45
CW45D

GW46

GW47

GW48D

GW4»

EPA01

EFA02

EPA03

EPA04

SHW6

DGHW

Type of Chemical Analysis*
April 1986 August 1986

A A

A A,B,C,D,E,F,G

A

A A

A A,B,C,D,E,F,G

A

A mm

A

A

A ™"

A

A A,B,C,D,E,F,G

* A • Nitroiromitics Initrobenzene, 1,3-dinitrobensene (1,3-DNB),
1,3,5-THB, 2,4-DHT, 2,6-dinitrotoluene (2,6-DKT), and 2,4,6-TNT).

B Hitrite plua nitrate ae nitrogen,
C Total alkalinity.
D Bicarbonate alkalinity,
E Bicarbonate ion.
F Carbonate alkalinity.
C Carbonatt ion.
— Not ttmpltd,

Sourct; ESE, 1986a.
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2.5 SEDIMENT SAMPLE COLLECTION PROGRAM
At stated in Sec. 2.1.1, ilx sediment samples were collected in the Red
Water Reservoirs, Sediment samples were collected by using a
stainless-steel bucket auger, Verticel compelite ssmplei wtrt collected
in each borehole at in inttrvtl below thit which hid bitn lamplid in the
initial RI field program. The purpoae of the eampling was to provide
additional data regarding the vertical diitribution of nitroaromatici and
to refine the contaminant tource strength at Ponds 1 snd 2. Sample
handling, sample containers, volumes, snd preservation techniques
followed the procedures dtscribed in App. E of the initisl RI report
(ESE, 1986d). Sediment samplei were analysed for nitroaromatici ai
described in App. D of the initisl RI report (ESE, 1986d).

AR30l>575
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3.0 GROUND WATER HYDROLOGY

3.1 REVIEW OF AREAWIDE HYDROCEOLOCY FOR THE ACIDS AREA/YELLOW WATER
RESERVOIR. RED HATER RESERVOIRS, AMD POND 13/WET WELL AREA-PHASE I
SURVEY

3.1.1 AQUIFER CHARACTERISTICS
In the Phase I RI field progrim, i number of distinct hydrogeologic flow
systems were chtracterited at WVOW, In the Acidi Area/Yellow Wtter
Reaervoir, the shallow aquifer consista of a medium- to coarse-grsined
ssnd containing approximately 5- to 10-percent gravel, Thia sand is
overlain by a silty clay layer varying in some arm to clay and ranging
in thickness from approximately 10 to 15 ft, The aand aquifer is uniform
in texture and gradation throughout the area. Two apparently
diacontinuous clay and silty clay layers were observed in monitor wells
screened in the shallow aquifer beneath the Acids Area/Yellow Water

• j Reservoir ares. The clay layers do not form a continuous confining
Isyer, and the aand aquifer exists in an unconfined or semiconfined
atste. In deep monitor wells drilled at the adjacent north and south
powerhouses, a gray clay with textural and physicsl characteristics
similar to the gray clay confining layer observed in the first operable
unit (TNT Manufacturing Area and Burning Grounda Area) waa encountered.

At the Red Water Reservoirs, surface sediment consists primarily of lilty
clay extending to a 10- to 15-ft depth. At two of the monitor welli, the
clay ia overlain by a medium-grained sand, A second sequence of clays
and 'silty clays is present snd variea in thickness from 2 ft at GW29 to
20 ft at CW32. As shown in the geologic cross section for tht Rid Wttir
Rtstrvoirs, i high degree of lithologic variation (both irtilly and
vertically) is present at this area of concern. Sand and clay units art
both generally discontinuous over this area of conctrn with tht neaption
of one continuous wster-betring und unit (the thillow alluvial aquiftr)
at elevation 580 feet above mean sea level (ft-MSL).

AR30!*576
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In addition to the wells drilled in the vicinity of the Red Hater
Reservoirs, five wella were drilled along the red water aewerline, In
these wella, the top 2 to 5 ft of aedimenc consists of fine-grained

; Mterials, below which are fine- to coarse-grained ssnds, At one well
, pair, CH25 tnd GW25D, a silty fine sand wai preaent from the aurface

elevation of 634 ft-MSL to elevation 606 ft-MSL, A lilty clay confining
layer occurred at elevation 591 ft-MSL. Below this clay, a second water-
bearing aand unit occurred until the well wai ttrminited it elevation
573.5 ft-MSL.

At the Pond 13/Wet Well Area, two markedly different hydrogeologic
environments ire present in the irei turrounding Pond 13. At Pond 13,
netr-surfice sediments consist of s thin veneer (5 to 10 ft) of sandy,
silty clay underlain by i permeable, water-bearing thillow aquifer. At
CW23I, the shallow aquifer is underlain by a thin clay layer, the areal

* extent of which is unknown, A second sind layer occurs below this clay >
layer; below this second ssnd Isyer, interbedded fine-grained sediment!
are present, In the lowermost portion of CW23I, the same gray clay as
noted in the THT Msnufacturing Area was encountered, although the
borehole extended only a short distsnce into the clay,

In contrast, the sediments encountered it nearby Wells GW22 and CW22D
indicate a markedly different hydrogeologic 'environment. At these wells,

(i the first permeable zone was not encountered until 526 ft-MSL,
approximately 60 ft below ground surface, The gray clay confining layer
is present beginning at 560-ft MSL and extending 25 ft in thickness, The
distance between GW23I and CW22D is approximately 300 ft, The actual
boundary between these two lithologic tnd hydrogeologic environment! it
not known.

Tne shallow aquifer it the Acids Ares/Yellow Water Reaervoir and tht
shallow aquifer along the red witer sewerline ire similar inftlĵ :8o5W|iS 7 7
tnd textural chiricteriitics tnd repretent similir dspositionil environ-
ment!, At Pond 13, the physicsl chiricteriitics of the ihtllow und
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aquifer in the immediate vicinity of the pond are similar to the TNT
Manufacturing Area shallow aquifer; however, the hydrogeologic environ-
ment change! abruptly to in exteniive clay depoiit it ground surfsce it
GW22.

In the deep monitor wells drilled throughout the lite, the majority of
wells were screened in sediments of alluvial origin (e.g., CW25D and
GH12D), Several wells such as GW21D snd GW32D encountered gliciil
outwash material. According to publiahed information (Wilmoth, 1966),
the glacial outwash iquifer represents i single, continuous iquiftr
system. However, given the limited number of wells which penetrated the
glacial outwash aquifer throughout the site during the Phise I
inveitigation, it was not possible to verify this information.

3.1.2 GROUND WATER/SURFACE WATER INTERACTION
The interaction of ground water flow systems with surface water flow
throughout the lite was assessed in the initial RI survey by the use of a
itream gaging program coupled with information obtained from siltcted
monitor wells installed adjacent to surfsce water drainage flow systems.
For those areaa on the aite with adjacent surface wittr gtging itations
and monitor wells, comparison wn msde between surftct wtttr itttion
elevitioni (from staff gage data) and the first permeable layer
encountered during monitor well drilling, These data are presented in
Table 3.1-1, For comparison purposes, surface witer ststion elevations
from measurements collected on Oct, 16, 1984; Jan. 7, 1985; Mar, 11,
1985; and Apr, 22, 1986, are included. Theae data thow thtt thi rtngt of
lurfice witer elevationa varies less than 3 ft throughout the study.

The extensive surficisl clay deposits found in the southern portions of
the site are not present in the northern portion; howsvtr, lurfact wittr
elevations st stitioni MCI, MC5, P2, P3, ind P13 tri idtnticil to or
lower thin tht elevation! of the first permeable layer encountered .in_tjje_
adjacent monitor wells. However, during the October 1984
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Table 3.1-1. Comparison of Surface Water Station Elevations and Elevations of First Permeable
Uyer Encountered in Adjacent Monitor Welli

i
i

:<

| .

i
i!

Elevation of
Surface ' Adjacent Permeable

Area of Station Elevation of Surface Water (ft-MSL) Monitor Uyer
Concern Identification 10/16/B, 01/07/85 03/11/85 04/22/86 Well (ft-MSL)

Red Water
Rtservoira Wl 568.5 568.4 568.9 566.0 GW33 576.0

Red Water
Reservoira t£2 581.9 582,1 582.7 582.3 GW32 564.2

Acidi Area/ MB 596.1 596.5 596.5 596.4 GW28 595.8
• Yellow Water

ReMtvoir

Red Water
. Reservoirs PI 602.2 603.0 603.2 602.4 GW30 591.8

Red Water
Reservoirs P2 599.9 600.7 600.8 601.0 GW31 606.9

Pondl3/ P13 586.5 583,4 588.8 588.9 GH23S/ 586.4/
Wet Well Area GW23I 585.2

*AX • (surface wster itstion elevation) - (elevation of first permeable lever encounterei

AX*

-7

+17

0

+10

-7

0

iin
monitor well construction).

Sourcei; ESE, 1986a, d.

AR30H579
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was occurring at Station HC5 (Acids Area); therefore, baseflow into this
system wss negligible at this itation although an interconnection between
MC5 and the permeable layer encountered at GW28 would be expected based
on elevation compariaons with CW28, Ho flow was observed downstream at
MC3. At the Red Water Reservoirs, the water-table elevation at CW31
(adjacent to P2) during a high-flow period was IB fc below the elevation
of aurface water it P2. At Pond 13, turfice witer levels wire coincident
with the observed wster levels at Wells GW23S snd GW23I.

The hydrologic interconnection present from the intersection of surface
drainage with the permeable strata at these portions of the litt tuggeits
that, as ground wster elevations increase, a significant ground water
component should be present in flows observed in Mill Creek,

In most pondi at the site, ground witer diichirge into the ponds or
(/"~"\ rechtrge by the ponds into the ground water is also substantially
^~^ minimized by the presence of extensive city deposits in the pond bottoms,

Sediment grtb ssmples (approximately 6 to 8 inches in depth) tnd sediment
core ssmples (1 to 3 ft in depth) in the ponds consisted primarily of
atiff clay with i thin, overlying layer of decomposed, organic, dttrittl
material, In many cases, field observations indicated that the bottom
portion of even the shsllow (6- to 8-inch) core ranged in moisture
content from dry to slightly moist, wheress sedimtnta in the top
1 to 2 inchei of the core were wet. During the October 1984 giging, no
aurface water outflow wai occurring from my of tht pondi, Btctuit of
the lick of interconnection with the ground witer, the potential for
input to or output from the ponda is generally small. Howsvtr, riling
ground witer leveli ind surfsce runoff during i wet imon grtttly
increase the potential for ground water discharge to tht northtrn pondi.

In the northern portions of WVOW, the Mill Creek flow system nctivtt
ground water discharged during high-flow conditioni, Tht Mill Crttk
stitions sre downstresm from both i treatment plint and Po&ft&Qfe&VVA

i j ia located immediately upgndient of the Red Wittr Reinrvoiri. Tht ~ •
results of the Phsse I RI study indicats thtt Pond 16, through leakage,
rechergea the shsllow aquifer it the Red Witer Reiarvoiri,
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3.2 OVERVIEW OF METHODOLOGY AMD AQUIFER CHARACTERISTICS EMPLOYED IH THE
PHASE II SURVEY

The purpose of the hydrogeologicil aaaissment wis to chirtcterize the
I ground water flow system(s) at each trea,of concern to identify
{ characteristics rtlsvant to the definition of contaminant migration
I pathway!. The overall objectivaa of the hydrogeologic program by arti of
' conctrn trt pristntid in Sec. 1.1.

The hydrogeologic analyiii is presented on in irtt-by-area basis for the
areae of concern at WVOW. In each aubaection, results of the
geotechnical program are presantid to charactirizt the individual

; aquifers present at each irei of conctrn, Jeicribe aquifer properties,
ind assess contsminsnt migration pathwaya.

i For an overall perspective of the monitoring network intttlltd at,WVOW,
the locstions of observstion wells ire ihown in Fig. 3.2-1, ind the
locttioni of monitor wells instilled by ESE end EPA ind municipal/
domestic supply wells sre shown in Fig. 3,2-2. To identify aquifers
preeent it etch arei of concern, the dita productd during the drilling
progrim were uied to prepare geologic croit tectiont for tich irti of
concern. The location! of the geologic croas sections for the overall
project area are shown on Fig, 3.2-3. Well construction summaries for
each of the monitor wells are shown in Table 3.2-1.

Wattr-level measurements were tiken for ill obitrvation wills and monitor
wills throughout the itudy for determination of hydraulic grtditntt.
Ground water elevation dtti art lummtriaid in Tablei 3,2-2 ind 3.2-3.

Virioui methods of aquifer ttsting wtrt employed in tht Phut I itudy to
determine iquifer charactariitici it tich aria of conctrn. Tht tquiftr
titting program tncompiitid all arm at WVOW. Sinct the Phut I dttt
but provided lufficltnt dtta at tht Acidi Area/Yellow Water Rtitrvotr,
Rtd Witer Reservoir, end Pond 13/Wet Well Area, additional aquiftr

AR30tf58l
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Table 3.2-1. Monitor Well Construction-PhiK I and Phase II

Total Depth of Filter Type of
Hell Inatallation Borehole Caaingand Screened Pack Bentonite Drilling

Duignstion Dite* Depth Screen Interval Interval Interval Rigt

Phsie I Monitor Wells

Oil 10/24-10/25 91.5 89.70 74.7-89.7 69-90 6449 C
OH3 10/25-10/25 28.5 28.5 13.35-28.35 9-28.5 4-9 C
OK 10/21-10/22 46.5 46.5 31.5-45.5 26.5-46.5 21.5-26.5 C
CH5 11/26-11/27 67.0 66.98 51.98-66.49 4647 41-46 C
OK 11/06-11/07 45.0 43.8 28,8-43.8 2345 17.5-23 C
OH7 10/29-10/31 87.0 87.0 72-87 64-87 58-64 C
(N8 10/29-10/29 30.5 29.2 14.2-29.2 9-30.5 5-9 C
OH9 10/27-10/27 35.0 34.2 19.2-34.2 14-35 9-14 C
«9D 10/26-10/27 82.7 82.7 67.7-82.7 61.5-82.7 56.541.5 C
OHIO 10/16-10/16 31.55 31.55 16.55-31.55 11.25-31.55 6.25-11.25 C
W10D 10/15-10/16 90.0 89.85 74.85-89.85 70-90 65-70 C
(Mil 10/17-10/17 37.5 37.0 22-37 15-37 , 10-15 C
W12D 10/19-10/21 95.0 %.45 79.45-94.45 75-95 70-75 C
OW13 10/21-10/22 46.0 40.0 2540 2040 15-20 A
0»4 10/19-10/19 32.5 32.40 17.4-32.4 12.4-32.4 7.4-12.4 C
OW15 11/13-11/14 24.0 24.0 14.0-24.0 8,5-24.0 3-8.5 A
OW16 10/24-10/24 24,5 15.3 10.3-15.3 5.5-24.5 2.3-5.5 A
OH17 10/24-10/24 28.0 27.0 12.0-27.0 7-28 2-7 A
W18 11/15-11/15 15.5 14.0 4.0-14.0 3-15.5 1-3 A
CW19 10/18-10/18 32.0 31.5 16.5-31.5 11.5-32 6.5-11.5 C
CW20 10/18-10/18 37.8 37.8 22.8-37.8 17.6-37.8 11.8-17.8 C
OW21 10/25-10/25 27.0 25.7 15.7-25.7 10.7-27 5,7-10,7 A
OfllD 11/07-11/08 60,0 59.7 44.7-59.7 40-60 3540 C
OW22 10/13-10/14 70.6 70,6 55.6-70.6 50-70.6 45-50 C
W22D 10/08-10/12 106 105.75 90.75-105.75 85.75-105.75 80.7545.75 C
GW23S 10/30-10/30 16.0 14.5 4.5-14.5 3-16 1-3 A
W23I 10/30-10/31 29.5 24.5 9.5-24.5 4.5-29.5 1.54,5 A
GW24 11/01-11/01 24.5 24.0 9-24 5-24.5 1-5 A
GW5 11/11-11/11 29.0 29.0 14-29 9-29 4-9 C
OW25D 11/08-11/11 60.5 60.0 45-60 3940 33-39 C
OH26 11/02-11/02 24.5 23.0 13-23 8-23 3-8 A
GW27 10/20-10/21 40.0 38.5 23.5-38.5 15.540 10.5-15.5 A
OW28 11/02-11/02 24.5 24.0 9-24 5-24.5 1-5 A
OV29 10/16-10/17 49.0 45.4 30.445.4 25.449 20.4-25.4 A
«30 10/18-10/18 41.0 35.5 25.5-35.5 20.541 15.5-20.5 A
001 10/17-10/18 47.0 46.5 26.546.5 21.547.0 16.5-21.5 A
OW32 10/19-10/20 41.0 38.0 23-38 1541 10-15 A
CH32D 11/29-11/30 66,0 66.0 51-66 46-66
0133 12/01-12/01 25,0 22.5 7.5-22.5 6-25
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Table 3.2-1. Monitor Hell Conitruction-Phaae I and Phase II (Continued, Page 2 of 2)

Total Depth of Filter Type of
Well Imtillition Borehole Citing and Screened Pack Btntonite Drilling

Dtaignation Dite* Depth Screen Interval Interval Interval Ri|f

Phase I Monitor Welli (Continued)

OH34 11/14-11/14 34.5 34.5 14.5-34.5 8.5-34.5 3-8.5 A
OW34D 11/12-11/14 114 114 99-114 87-114 82-87 C
GW35 10/31-11/01 44.5 44.5 29.544.5 24.544.5 19.5-24.5 A
GW36D 11/27-11/29 92.8 92.8 77.8-92.8 72-92.8 67-72 C
007 11/12-11/13 35.0 32,5 22.5-32.5 17-32.5 11-17 A
GW38 11/05-11/06 36.0 32,5 17.5-32.5 12-36 7-12 A
OW39 11/06-11/07 32.0 30,0 10-30 7.5-32 2.5-7,5 A
(MO 11/16-11/16 38.5 37,3 22.3-37.3 16.5-38.5 11-16.5 A
GH40D 11/16-11/17 90.5 90.5 70.5-90.5 65-90.5 6045 C
«41 11/03-11/03 27.0 26.0 11-26 6-27 1.54 A
GH42 11/08-11/08 25.0 24.3 9.3-24.3 5-25 1-5 A

• O Phase II Monitor Welli

QH27D 3/304/1 104.0 102.5 87.5-102.5 81-104 76-81 C
GW3 3/12-3/12 35.5 35,0 20-35 14.7-35.5 9.7-14.7 C
W44 4/24/2 36.5 35.0 20-35 15-36.5 10-15 C
GHW 3/16-3/17 56,5 55.0 40-55 32-56.5 26-32 C
CH45D 3/13-3/16 106.5 106.0 91-106 83.5-106.5 77.543.5 C
0*6 3/17-3/18 56.5 55.0 40-55 34-56.5 28-34 C
047 4/24/3 65.0 64.0 4944 • 4445 3944 C
GH48D 3/21-3/23 110.0 107.0 87-107 81-110 76-81 C
GH49 3/18-3/19 36.5 34.0 19-34 13,5-36.5 8-13,5 C

Note: All measurements are feet from ground surface,

*FhiK I monitor welli were initalled in 1984; Phate II wells in 1986.
tType of drilling rigi
A •hollow-item auger, and
C • cable tool,

Sources: ESE, 1986s, d.

A R 301} 58 6
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Table 3.2-2. Ground Water Levels for Monitor Wells- Phase I and

D-WWH-RI-SUP.1/VTB322.1
11/07/86

FhsHlI

Ground Water Elevations (ft-MSL)

Hell
Dssignstion

After
Before Development

Dsvslopmt (24-hour) 01/07/65* 03/11/85 4/22/86* 08/ll/a6t

Fhste I Monitor Wella

. Oil 568.90 568.33 570.27 586,07** 570.12 tt
GW3 586.18 587.32 586.47 589.50 589.26 tt
QW4 587.46 587.26 589.25 589,84 589.49 tt
CW5 573.20 573.92 574.67 574.80 574.39 tt
Oft 574.85 574.25 576.09 576.67 576.77 tt
CW7 566.97 565.87 568.04 568,03 567.80 tt
OB 574.74 575.40 576.85 579.11 579.43 tt
OW9 564.08 565.08 566.69 567,28 567.00 tt
GH9D 566.18 565.63 567.71 568,16 567.72 tt
GW10 595.34 595.69 595.36 595.96 595.59 tt
OW10D 5B5.26 585.93 586.27 586,37 585.87 tt
GH11 595.85 595.90 595.88 596.06 595.87 tt
CW12D 589.43 589.33 590.61 591.00 590.29 tt
GW13 594.38 590.88* 592.70 592,70 592.66 tt
CW14 594.43 593.93 594.38 594.64 594.64 tt
CW15 593.47 593.17 593.61 593,98 594.01 tt
OW16 593.89 593.49* 594.30 594.49 594,51 tt
OW17 592.54 592.42 593.03 593.33 593.28 tt
GW18 614.09 614.31 615.19 615.60 615.12 tt
GW19 595.73 595.74 595.73 595.79 595.64 tt
CH20 596.37 596.39 596.53 596.90 597.64 tt
OW21 565.92 564.15 571.26 571.61 571.55 tt
GH21D Flowing Flowing 583.76 tt 579.20 tt
002 587.43 587.57 588.47 588.38 567.97 tt
CW22D Flowing Flowing 589.35 tt 589.20 tt
OH23S 588.08 587.96 568.66 568,76 568.59 tt
GW23I 588.56 588.82 589.18 589.42 568.98 tt
CW24 615.68 615.68 616.38 617.58 617.49 tt
025 616,33 616.13 616.88 617.56 617.88 ft
GH25D 597.15 596.65 393.30 597.92 597.60 tt
GW26 612.78 612.80 613.71 615.56 615.66 tt
OH27 597.15 597.04 S97.34 397.53 597.29 596.83
OW28 595.64 595.78 596.80 597.23 596.64 595.91
GH29 576.07 576.07 575.23 575.93 577.27 576.80
000 581.66 581.86 381.41 581,97 362.54 362.21
OW31 582.28 582.28 382.78 584.29 565.28 383.26
002 379.61 579.51 380.66 561.37 362.41
0020 576.79 577.39 577.86 578.55 579.54 SN.W ""*"".'„ (y
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Table 3.2-2. Ground Hater Levels for Monitor Welli-Phase I and Phlie II (Continued, Page 2 of 2)

,D

Ground Water Elevation! (ft-MSL)
After

Will Before Development
Designation Dralopvnt (24-hour) 01/07/85* 03/11/85 4/22/86* 08/ll/86t

Phase I Monitor Wells (Continued)

003 568.59 569.59 569.79 569.02 568,59 567,66
004 594.13 594.93 595.03 595.32 594.78 394.31
004D 587.03 5B3.33 586.78 366.99 568.38 367.07
005 564.11 563.46 565.83 565.06 564.84 tt
CW36D 574.84 575.23 576.13 576.24 575.87 tt
GW37 594.76 595.31 595.56 592.22 595.62 tt
GW36 580.19 581.92 581.74 580.92 581.47 tt
009 ' 578.41 577.66 578.31 578.25 577.90 tt
0*0 595.12 594.72 595.72 595.78 593.32 593.02
OftOD 594.61 593.51 594.63 594.62 594.28 593.91
OKI 561.50 581.42 596,86 597.13 596.37 596.05
GW42 593.82 596.16 596.54 596.64 596,37 596,06
EPA01 ttt ttt 568.42 588.53 568,64 tt
EFA02 ttt ttt 585.68 585.86 568.64 tt
EP»3 ttt ttt 568.90 567.83 568.67 ' tt
EPA04 ttt ttt 589.11 588.18 568.63 tt

Phste II Monitor Wells

0*43 595.02 594.97 tt tt 594.85 tt
GH44 396.98 596.94 tt tt 596.92 596.37
OA5 571.90 571.88 tt tt 572.10 572.14

| (I OK5D 567.74 567.63 tt tt 569.09 367.66
GW46 567.61 567.56 tt tt 567.61 567.99
0*7 362.85 562.35 tt tt 564.00 363.11
0*8D ,389.47 589.45 tt tt 390.47 ft
0*9 569.56 589.41 tt tt 589,46 tt
OQ7D 595.62 595.78 tt tt 596,62 596.10

•Stabilised ground water circuit,
tWtlli GS29, 000, 001, 002, GW32D, OW45D, 0*6, 0*7 mtstund on 8/14/86.
**Probsblt maaturatent error,
ttHot sMsund.
***Hot s 24-hour msatunmtnt.

O
Sourctii ESE, 1986a, d.

ttthiitingwills, not developed. ftR30^588
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Table 3.2-3, Ground Water Levela for Observation Wells—Phase I and Phase II

Hell Ground Water Elevation (ft-MSL)
Dssignstion 10/10/8410/25/8411/18/8401/07/85* 03/11/85 04/22/86*

001S 596.23 595.93 596.83 596.70 596.91 597.19
CW02S 593.20 592.46 593.17 603.66 604.24 600.44
0031 569.14 568.94 569.62 573.69 575.40 571.78
OH04D 566.19 566.05 566.39 567.09 368.08 567.00
005S 565.95 565.91 566.34 569.10 367.27 366.24
CM07S 590.21 590.22 590.17 389.43 366,39 589.49
OOes 590.92 590.81 590.85 596.26 598.30 596.52
OU09S 574.65 574.35 574.74 577.09 578.95 376.64
CHIOS 570.89 571.08 571.65 573.36 573.35 572.83
WHS 596.85t 605.78** 596.59 596.42 596.66 596.42
CW12S 596.06 586.91 589.52 591.16 592.59 592.18
W13I 595.01 594.92 594.83 594.56 595.17 394.67
OW14D 583.20** 596.07 597.25 595.75 596.01 595.60
W15S 593.74 593.70 593.65 593.65 594.26 593.84
OW16S 597.301 597.21 597.04 596.80 597.49 596.76
W17S 595.71t 595.64 595,49 595.41 595.97 595.41
OW18I 595.93t 595.79 595.73 595.48 595.73 595.46
W19D 595.54t 595.09 595.05 594.80 594.98 595.84
OW20S 594.59 594.53 594.48 594.32 ' 594.47 594.49
W21S 594.36 594.24 594.40 594.45 595.17 594.66
OW22S 595.171 595.14 395.73 594.87 594.98 395.14
OW23S 592.72 592.71 592.91 592.94 593.16 592.69
OW24S 616.87 616.82 tt 617.03 617.70 617.98
W25S 616.37 616.97 tt 616.27 616.98 617.42
OW26D 597.77 597.66 tt 597.74 597.96 600.79
OW27S 617.19 617.01 tt 617.09 617.76 618.14
OW28S 596.90 596.80 tt 597.25 597.09 '597.49
OV29S 612.76 612.66 tt 613.16 614,45 614.56
OW30D 597,03 596.87 tt 597.23 397.62 597.48
OU31S 613.46 613.32 tt 613.81 616.10 615.76
OW32S*** tt tt tt tt tt 386.99

•Stabilized ground water circuit.
tTaken October 11, 1984.
**Probsbla measurement error.
ttNot mauund.
***Fnsse II observation well.

Sources: ESS, 1966,, d. AR3QI&589

'" ©
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tilting wis not conducted during the Phiie II supplemental RI fitld
progrim. The following pirtgrtphi deacribe the methods employed in the
Phase I survey to derive aquifer characteristic!.

i
Hydraulic conductivity wu isstaitd for etch aria by employing alug ttiti
and falling-head permeability teita ind by uiing Htstn't rult. Dita
obtaintd from alug titta of siltctid ihsllow and deep welli throughout
the liti wire analyted uiing in ESE-divilopid, computtr-aisiittd dtti
•inigtment progrim to tabulate and plot diti ind calculatt hydrtulic
conductivity uiing methodology deicribtd in Hvoriltv (1951) tnd in Bouwtr
and Rice (1976), Ctlculittd valuei for hydraulic conductivity ari ihown
in Table 3.2-4.

In addition to the ilug tuts, alt amative mtthods of cilculiting
hydraulic conductivity win tmployed for compiriion purpoiti. For 10 of

L l) the 20 welli evaluated by ilug teata, composite aidiaant iimplti win
obtiintd during drilling from thi scrttntd interval for tich will. Tht
compoaite aimplea were analysed for moiaturt content, gnin-iiie
diitribution, ind falling-head permeability. Thru triali of falling-
head permeability vjluei wtrt arithmetically avirtgtd for hydraulic
conductivity, Individual valuti for thi ttiti ind ivtrtgt vtluti
(arithmetic meana) are ihown in Table 3,2-3. Grain-list diitribution wu
determined by sitvs anilyiii; from the griin-iitt diitribution plot,
hydraulic conductivity tttimitts were determined uiing Haiin'i ruli
(Haten, 1892). Haten'i method ia applicable for uniformly grtdtd itndi
and it tisentitlly in empirical rtlitionihip which it bind on thi
following power-law relation between conductivity and toil ttiturt;

o AR30l}590
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Table 3,24. Stdimnt Hydraulic Conductivity Properties

Hydraulic Conductivity (ft/sac)
Will
Dttig-
nation

0104

OU06

GW10

GH10D

0115

0116

CH19

GU23I

OH25

GH25D

GW26

GW27

GH30

Slut Testa
I • Slug In
0" Slug Out

I
0
I
0
I
0
I
0
I
0
I
0
I
0
I
0
I
0
I
0
I
0
I
0
I
0

Bower and
Rict Method

1.8 x 10-5
1.5 x tO"5
1.4 x 10-5
1.0x10-5
1.2 x Hr*
2.7 x 10-4
7.8 x 1(T*
7.8 x l(r*
1.1 x Hr*
8.0x10-5
1.0 x HP*
1.1 x 10-4
1.7 x 10-4
1.9 x 10-3
2.4 x 10-5
2.3 x 10-5
1.0 x 10-4
1.5 x 10-4
2.7 x 10-4
1.0x10-4
1.9 x 10-4
2.2x10-4
3.7 x ID'4
2.6x«r4
1.3 x 10-4
1.6x10-4

Hvorsltv
Method

2,5 x 10-5
2.2 x 10-5
1.8 x 10-5
1.5 x 10-5
5.8 x 10-4
4.6 x 10-4
1.0 x 10-5
9.3 x 10T*
3.1 x 10-4
1.1 x 10-4
1.8 x 10-4
1.8 x 10-4
3.3 x 10-4
2.5 x 10-3
4.4 x 10-5
3.8 x 10-5
2.3 x 10-4
1.8 x HP*
3.1 x 10-4
1.4 x 10-4
3.1 x 10-4
3.0x10-4
3,8 x 10-4
3.5 x 10-4
3.0 x 10-4
2.2 x 10-4

PtTBWMttr
Tut*

_

-
—
_

2.8 x 10-5
—

2.3 x 10-5
—

2.0 x 10-4
—
_
—

5.6 x 10-5
—

1.6 x 10~7
_

1.2 x 10-4
—

7.9 x 10-5
_
—
—

3.3 x 10-5
—

2.9 x 10-4
—

Hsssn's
Itiltt

_
-
—
_

1.2 x 10-4
_

5.2 x 10-5
_

4.6 x 10-4
—
_
_

2.7 x 10-4
_
•—
_

4.0 x 10-4
_

7.2 x ID"*
_
_
—

2.8 x 10-4
_

7.2 x 10-4
- nof,

Hoiitun
Content

(percent of
drywsight)

_
-
—
_
22.5
—
21.4
_

22.9
_
_
_

26.9
_
24.8
_

24.5
_

28.7
_
_
_

24.8
_
23.5

inii coi
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Table 3.24. Sediment Hydraulic Conductivity Proptrtiei (Continued, Page 2 of 2)

Hydraulic Conductivity (ft/ate)
Well
Datig-
nation

GW32

GW32D

GW34

GW34D

CW36D

GW37

GW41

Slug Tests
I • Slug In
0 • Slug Out

I
0
I
0
I
0
I
0
I
0
I
0
I

0

Bower and
Rice Met hod

6.9 x 1(T*
3.9 x 10"*
1.9 x 10-5
1.7 x 10-5
9.1 x 10-5
9.3 x 10-5
5.3 x 10T*
3.9 x 1(T*
3.6 x 10-5
3.2 x 10-5
4.0 x 10T*
4.5 x NT*
2.6 x 10-4
3.0 x 10-4

Hranltv PtmtMttr Hum1 a
Method Teat* ftiltt

1.0 x 10-5 _ -
5.7xl(T* -
3.9 x 10"5 _ _
2.4 x 10-5
3.9 x 10-5
1.4 x 10-4 - -
5.1 x 10"*
4.0x10-* - -
4.9 x 10-5 _
4.0 x 10-5
6,1 x 10-* 1.7 x 10-4 1.0 x 10-3
6.3 x 10-* -
4.6 x 10-4
5.1 x 10-4 - -

Moisture
Content

(percent of
dry weight)

—
—
_
—
—
—
—
—
—
23.3
_
_
-

O

Note; - • Hot analysed.

•Falling-head permeability teat [U.S. Any Engineer Waterways EiptrlamU Stttion (HES), 1970].
Average of 3 trial! except for GH15 (average of 4 trials).
tHydraulic conductivity K • Adjo2, where: A • 1.0 when K is in ctntimtttn par second (cm/ate) and
dig is in millisKers (mm); valuta converted to fiat per iscond (ft/sac) (Preen and Cherry,
1979).

Sourcti ESE, 1987.

AR30l*592
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Table 3.2-5. Phyaical Analyiis of Aquifer Sediments*

Moisture Content
Well Percent of Percent of ______Permeability (cm/tec )t______

Dsiignition Dry Weight! Total Weight Trial 1 . T r u l l T r l a l l A v e r a g e

GW10 22.5 18.4 9.0 x 10* 8.3 x 10-4 8,6x10-4 8.6x10-4

W10D 21.4 17.6 7.3x10-4 7.0x10-4 6.9x10-4 7.1x10-4

GW15** 22.9 18.6 7.7x10-3 5.8x10-3 5.0x10-3 6.1 x VT*

GH19 26.9 21,2 1.2 x 10"3 1.9x10-3 1.9x10-3 1.7 x ID'S

GW23I 24.8 19.8 3.5 x iff* 5.6 x UT* 5.2 x 1(T* 4.8 x 1(T*

«25 24.5 19.7 3.8x10-3 3.5 x lfl-3 3.3 x 10-3 3.5x10-3

GW25D 28.7 22.3 2.1 x 1(T3 2.6x10*3 2,4x10-3 2.4x10-3

GW27 24.8 19.9 9.1x10-4 u x KT3 1.0 xlO*3 1.0 xW3

000 23.5 19.0 8.6x10-3 8.8x10-3 9.7x10-3 9.0x10-3

007 23.3 18.9 4.7 x UP3 5.7x10-3 5,5x10-3 5.3x10-3

•Compoiite sample of aediment from the screened interval for each well obtained during drilling,
(Methodology for moisture content ind fall ing-head permeability teat from U.S. Aimy Engineer WES,
1970.

**For GW15, four trials were conducted, and the permeability for the fourth trial waa 6,0 x 10~3,

Source: ESE, 1986d.

AR30t>593
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O

K - AdI02

where: K • hydraulic conductivity (cm/see);
A « coefficient, equal to 1,0 when K ia in centimeters per

sscond ind d is in millimetan; tnd
djQ • griin-iise diameter (mm) at which 10 percent by weight

of the soil particles are finer and 90 percent are
coarser.

Hazen's approximation providis a rough eetimste of hydraulic conductivity
which can be used to confirm other methods of snslyiis (Frttxt and
Cherry, 1979). Hydraulic conductivity valuti obtiintd by this method are
included in Table 3.2-4.

The physical analyiia program alao included moisture-content inilytis.
'f~"''>. Methodology followed procedures described in U.S. Army Enginttr

Hinual 1110-2-1906 (1970), The moisture-contint valuei obtained art
listed in Table 3,2-5; valuei for moisture content by dry weight can be
used ss in estimate of aquifer poroiity (Fetter, I960). For the purposes
of the RI, moisture content viluei wire tmploytd in ground wattr flow
rite calculation! ind were assumed to be equivslent to iquiftr tfftctivt
poroiity.

The virious methods described resulted in reliable titimattt of hydraulic
conductivity and poroiity of aquifer material! which cm bt tmploytd in
contaminant migration rate calculations. Thi viluai obtaintd trt
mtii'urimtnti of1 iquifer proper tiei in the immediate vicinity of thi will
bort (in the cist of alug ttiti) or ire valuei obtilnad from anilyeii of
material from individual bonholti (phyiicil tnilyiii program). At tucb,
tht aquiftr paramtttri obtiintd do not ntctiiarily rtfltct artswidt
aquiftr proper tiai ind should bs considtrtd accurate only to within one
order of magnitude. As nottd by Bouwtr (1978), "...it it not uncoimjp;
find that replicate taski in seemingly uniform material yield I
that diffir by in order of magnitude, especially if tht material hn t
low permeability."
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3.3 ACIDS AREA/YELLOW WATER RESERVOIR
3.3.1 REVIEW OF PHASE I RI RESULTS
As determined in the Phaie I RI study, i single shallow land aquifer
under unconfined, or poiiibly semi-confined, conditions is present in
this study trta. The presence of the grty cliy in this irit could not be
determined beciuat no deep wella wert drilled in tht immediate vicinity
of the Acida Aret/Yillow Wittr Rntrvoir. In iddition, thi Phut I
contamination aiitnmint determined thit thi thillow iquiftr in thi
vicinity of Welli CH27 tnd GH41 wn contaminated by low livtls of
nitroiromttici. The nearest downgriditnt shallow aquifsr wall, GW42, was
uncontaminated; however, the downgrtdiint txttnt of shillow iquiftr
contamination could not bt verified,

3.3.2 PHASE II RESULTS
To better define the horiiontil txtint of ihtllow aquiftr ground wittr
contamination, tht Phut II inveitif.ition in thii trti included the
inatallation of one additional ihallow monitor will, CW44. At shown in
Fig. 3.2-2, this well wit loctted approximately midway bitwttn the
contaminated ehillow well, GW27, tnd tht ntartit uncontimintttd ihillow
downgridient well, CW42. In addition, Well CW27D was drilled adjacent to
Well GW27 at the Yellow Wtttr Reiervoir to vtrify the preeence and
thickniss of the gray city layer and to monitor ground water quality in
the deep iquifer below the prtviouily documented contamination in the
ehillow aquifer. It ahould be noted thit Well CW27D wn origintlly litid
is 44D to ivoid drilling through i high-risk area, However, due to
problems with icctn, the well was relocated and the wtll dnignition wit
chingtd to 27D,

Band on tht information obtained during drilling of GW27D and GW44, two
geologic croit nctioni wtrt prepared, At ihown in tht gtologic cron-
itction indtx map (or tht Acidi Area/Yellow Water Reaervoir (Fig. 3,3-1),
crois section A-A1 extend! approximately wiit-int, and cron
net ion B-B' txttndi approximately northwnt-iouthitit. Than
nctioni irt ihown in Fig. 3.3-2 ind Fig. 3.3-3, reipactively.
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CW44 is cmplttid in thi ihillow aquifer. The physical characteriatlcs
of thi ihallow aquifir it GH44 win linilir to thoii tncounttrtd it thi
redlining ihallow monitor wills. Thtit shillow sand aquiftri in uniform
in ttntura and gradation throughout thii irta and rtprtstnt i continuout
unconfintd, or possibly aniconfinad, iquiftr.

Dtlow tht ihillow land aquifir at CW27D, a itiff gny city, timilsr in
taxturel and physical characteristics to thi grty city confining liyar
inn tlitwhtrt it WVOW, wn incountirtd it altvttton 556 ft-MSL. The
gray clay ixttndt to tltvition 533 ft-MSL, coniiittnt with thi thickntn
obitrvtd tt tht ntirby powerhouse! in Welli CW34D ind CW40D. Proa
tlivttioni S33 to 507 ft-MSL, t dtip iquiftr primarily of aand with
occnional inttrbeddtd clay lintti wii encountered. At depth, thii
aquifir coniiiti of typicil glacial outwath aidiminti. At elevitions 907
to 506 ft-MSL, bedrock wii incounttrtd, com ia ting of nnditont. The
bottom of Well CW27D wii litutted at 506 ft-H8L.

Ground water level data collacttd during both phaiti of the II turvty for
monitor walli in tht Acidi Area/Yellow Water Rtitrvoir irt prinnttd in
Table 3.2-2. During tht Phut II invntigation, wittr lavila wtrt
Mssurtd on Apr. 22, 1986, and Aug. 11, 1986. For thi purpoit of thii
diicunion, ground wittr lavali mtnurid on Apr. 22, 1986, will bt
employed for ground weter movement cilculitioni. Fig. 3.3-4 tnd
Fig. 3.3-5 rtprnent 2-dimannional ploti ihowing ground wittr contoure
•taturtd on Apr. 22, 1986, and Aug. 11, 1986, reapactivaly. The dtti
indicttt thit ground wittr flow it primarily to thi wnt in thi Acidi
Am/Yellow Water Reitrvoir, consistent with conditions obstrvtd in thi
Phut I invtstigstion.

The approiinate horiaontal ground witsr flow rttt cm bt ctlculattd uting
thi dita and thi aquifar values in tht Phut I itudin by employina tht
ground water flow aquation:

AR30lt599 0
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O

where; V • ground witer flow ritt (ft/iic),
K • hydraulic conductivity (ft/itc),
n • affective poroiity (dimenaionlaai), ind
i • hydraulic gnditnt in ftit par foot (ft/ft).

|t/ft)

• 1.2 x ID'6 ft/iec

• 0.1 foot pir dty (ft/day)

The witer leveli meaaured on Apr. 22, 1986, corrnpond to t hydraulic
grtditnt (i) of 1 ft/1,740 ft for 5.8 x 10'* ft/ft. Ground water
velocity ii calculated it 0.1 ft/day, which ii thi same rttt of
horizontal ground water flow observed in the Fhsse I study.

A verticsl gradient for the Acidi Arit/Yillow Water Ritirvoir cm bt
minted by utilising the head relitionship observed it tht will piir
GW27 ind CW27D. In this cite, the hydraulic gradient employed ii ttktn
aa the head difference of the well pair dividid by tht dittanct bttwttn
the midpointa of the respective saturated filter picki. Tht wattr Itvtlt
observed on Apr. 22, 1986, wart usid in thii cslculation. Thi wittr
level observed in GW27 on Apr, 22, 1986, wit 0.67 ft hightr than that
'obnrvid in Hell GW27D. The corresponding downward verticil gradient,
therefore, ii 0.67 ft/63.74 ft, or approximately 0.01. Vtrtical
permeability through thi griy clay layer wet not dirtctly calculated; it
ahould bt nottd that tht itratigraphic intirvtl bttwetn thtte two
aquiftri coniiits of thi gray clay confining layer which it.
ind would bi expected to hive t viry low K value, If i vald
1 x 10"7 ft/iec ind in ifftctivt poroiity value of 0.50 trt nturned for
tht city, vertical flow ritt would bt calculated 11 followi;
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o.oi ft/ft)

• 2.0 x 10"' ft/eec

• 1,7 x 10'* ft/day

It can be concluded that a minimal vertical flow potential exitti in the
Acids Area/Yellow Water Rtiervoir. Furthermore, givtn tht physical
characteristic! of the gny city ind its apparent continuity throughout
the lite, it ii concluded thit the clay tcti is in tfftctivt barrier for
verticil migration and thould preclude my contiminat ion of the ihillow
aquiftr fron migrating to the deep iquiftr,

Horisonttl ground water flow in the deep iquiftr in thi vicinity of tht
Acidi Area/Yellow Water Rtiervoir hit been determined using the wtter
levels meisursd on Apr. 22, 1986, it Hills CH27D, GH34D, and GW40D.
Since the ground water flow direction has been determined by analyiii of
witer leveli it only three observation pointt, i ground watar contour map
hit not bien prepared. The direction of ground wittr flow band on thit
analyiii is north-northwest; the flow direction is indicated by the trrow
ihown in Fig. 3.3-4.

The approximate horisontil ground wittr flow rite in thi dttp aquifer cm
bt calculated uiing tht wittr Itveli of Apr, 22, 1986, coupled with
iquiftr valuta from the Pbait I invtitigition. Sinct tht three wattr-
livtl measurements esnntiilly define a plans, in ntiaittd gnditnt wii
tittbliihtd bind on tht water-level elivationa. Thi ground wittr flow
tquttion would bt applied aa followa;

AR30W03
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• 7.0 x 10'6 ft/ate

• 6.0 x 10-3

(3.8 x 10-3 ft/ft)
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3.4 HEP WATER RESERVOIRS
3.4.1 REVIEW OF PHASE I RI RESULTS
In the Phase I survey, the geologic setting of the Red Water Reservoirs
area was defined using lithologic information obtained from three wella
located adjacent to the reeervoira (CH29, CW30, and CH31), a wall pair
located aouth-touthwest of the rastrvoiri along Hill Crttk (CW32 ind
CW32D), and ont will locittd west of the reservoirs where Hill Cretk
erotics SR 62 (GW33). A ihillow iquiftr ii prntnt at tht ltd Hittr
Ritirvoiri coniisting of t mtdiua to coirit sand, which ii overlain by
silty clay surficitl stdimtnti. At GH30, GW31, ind GH32D, the ihillow
aquifer vn underlain by the gray city confining layer. The thickness of
the clay was 13 ft at CW32D,

The Phase I survey titibliihed the genenl hydrogtologic sitting in tht
vicinity of the Red Water Reaervoira. Cenenl dirtction ind rite of
horisontil ground witer flow in the ihallow aquifer wtrt determined.
However, the Phise I monitor well network was installed on the assumption
that ihillow ground wittr flow was to the southwest toward Hill Crsek,
Ground water flow defined in the Phase I survey indicated that shsllow
ground water flow direction wai to the northwest towsrd SR 62 and the
Ohio River. Given thii direction of ground water flow, no ihillow
monitor wells wire present downgradient of the rissrvoirs, Ground wittr
flow ritt ind dirtction wtre defined only for the immediate vicinity of
the reservoirs, since no monitor wells were located at a subtttntiil
dittance dowt.gradimt (northwest). In addition, no dttp monitor welli
wtrt installed it the Red Hater Reitrvoirs to dtfint tht vtrticil
hydrtulic head relationships or to verify the presence ind thickntss of
tht gray clay confining layer.

3.4.2 PHASE II RESULTS
To addrttt the data gaps it the Red Hiter Rettrvoiri, i comprthaniiva
Phise II hydrogeologic program was implemented in thit itud£ flrjiQ L}1§l36
ihillow monitor wills (CH45, CW46, snd CH47) wtrt initilltd downgriditnt
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of the Red Hater Reaervoira (aee Fig. 3.2-2). To determine ahallow
aquifer water quality and to provide water-level data, CW46 end GH47 were
inattlltd it the HcClintic Wildlife Station property boundary. In
addition, a well pair (CW45, CH45D) wn instilled immediately
downgradient end adjacent to the Red Hittr Rttervoirt. Hell GH45 was
completed in the ihillow land iquifer to aaaeai water quality immediately
downgradient of the reservoirs ind to determine wtttr Itvtls in order to
refine ground witer flow direction ind rite. Htll GH45D wai instilled
adjacent to CH45 and waa completed in the deep aquifer to monitor water
quality in the potable aquifer, verify the preaenct ind thicknni of the
gray clay layer, and determine the vertical hydraulic gradient,

In addition to monitor well inatallttion, idditional ttdimtnt samples
were collected in Pond 1 and Pond 2. The purpose of the sedimtnt simpltt
was to supplement the vertical contaminant diitribution obtained during

(,' the Phase I survey is wtll 11 to provide further informttion on tht
integrity of the city liners in both pondi, Tht sediment dsti irt
discussed in Sec. 4.2 of this report.

The ihallow monitor wella (CW45, CW46, and CW47) confirmed that the
ihallow land aquifer present in the Phsse I monitor welli extendi
downgradient of the reiervoira, At Hell GW47, located approximately
500 ft downgradient of the Red Hater Reservoirs, the gray clay confining

I,, layer was encountered in the lest 0.5 ft drilled. The gray clay
confining layer at GH45D wai encountered at elevation 556 ft-MSL. The
gray clay layer extended to an elevation of 533 ft-MSL, a thickntll of
23 ft it the Red Hater Reservoirs. Below the gray clay layer, land and
gravel itdimenti txttndtd to the tottl dipth of tht borehole
(507 ft-MSL), Tht lower iquiftr prtitnt in thii vicinity consists of
gltciil outwnh materiali coniiittnt in appearance with tht glacial
outwash observed it several other deep monitor wills at HVOH» poni, RQ6

o
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Fig, 3.4-1 shows the locations of the geologic cross sectioni in the Red
Hater Reservoir! area, and Figs. 3.4-2 and 3.4-3 consist of general
geologic cross sections of the Red Water Reservoirs ares. As'shown on
the geologic cross section index mip for the Red Witer Renrvoiri
(Fig. 3.4-1), cron section C-C' extends north to south through the Red
Water Reaervoirs, ind cron itction D-D1 txttndi northwnt to louthtitt
through the Red Hater Reitrvoirs area.

Aquifer characteristic! in the Red Htttr Rtiervoir area wire defintd in
the Phtae I field aurvey. Thi lithologic information obttintd during
drilling of the Phaie II monitor welli indicated that the ihillow iquifer
prttent in Phtie I monitor wills txttndi to tht northwnt ind txhibiti
similar character. Therefore, the iquifer chtracttriitict determined for
.the shsllow iquifer in the Phite I turvey were employed in thi Phtia II
invntigition.

©'Ground witer level diti colltctid during the Phut II RI are prtitnttd in
Tablet 3.2-2 and 3.2-3. Fig. 3.4-4 ind Fig. 3.4-5 ire 2-dimeneional
ploti ahowing ground water contoura meiiurtd on Apr. 22, 1986, and
Aug. 14, 1986, respectively. Ai evident on the figures, ground wtttr
flow is primarily to the northweat. The flow pitttrni obitrvid in the
April 1986 ind Auguit 1986 meiiurementi contrnt mirktdly with tht
ntar-rtditl type flow ptttern obaerved in the 1985 Phut I turvty. To
illuitrite thii difference, the Phut I wttir-ltvtl contoura of Jan. 7,
1985, at plotted in the initial RI survey, in rtproducid in rig, 3.4-6.

It should be noted thit the location of Hill GH31 wit plotted in error in
the Phne I report (ESE, 1986d). Thi actual location of Will CH31 ii
corrtct it indictted on the Phise II reaults figures snd on tht rtviitd
Phaii I figure.

The additiontl monitor wells installed during the Pbsse II turvey hive
nearly doubled the datt bite available for interpretation of]fhCkn-Ufjrin f
flow dirtction ind rite. Conaequently, the water-level flow patttrnt C_/:
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obstrved in the Phase II survey represent s more accurate istinite of
actual ground water flow patterni in the vicinity of the Red Water
Rtiervoiri. The Phin I aurvey monitoring network lacked adequate
downgndient monitor wells to provide i dtfinitivt flow pattern
determination.

Ground wittr flow rite in the ihillow iquifer can be dtttnintd by
employing the wittr-ltvel flow pitttrnt of the Phate II turvty in
conjunction with the aquifer characteristic parameters determined in the
Phise I turvey, The hydraulic gridiints obaervad in the April 1986 and
August 1986 measurements were nearly identical; the hydraulic gradient
determined is 0.02 ft/ft. Using the iquifer poroiity ind pirmtibility
values obtained in the Phase I survey, sn estimite of ground wittr flow
rite in this shsllow iquifer is calculated as follows;

V - r T X i

(0iM,e/ft)

• 2 x 10-9

• 1.7 ft/day

The defined shallow ground water flow rate meaaured uaing tht 1986 data
it approximately three timei greater thin that dittraintd in tht
1984-1985 Phttt I mrvey (0.5 ft/diy). There art aeveral riaioni for
this apparent diacrepincy bttwitn the two aurveyt. In tht Phttt I
•urvty, thi ground wittr flow gradient wai determined uiing tht
difference in hydraulic hud n mttturtd between Hillt CH31 and GH29. At
ittttd prtviouily, location for CH31 wai plotted in error on the figurn
tnd wii lubsequently employed in thi flow-rate calculations. AR3QK-6
Additionally, the inadequate density of the Monitor will nttwork in tht
Phaie I eurvey led to the incorrect ataumption (aa ahown in Fig. 3.4-6)
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that Htll GH29 wai dirtctly downgridient of Hell CH31. Aa ii tvidint in
the figurn dtpicting ground wtter flow patttrna obnrved in 1986,
Hell GH29 it not directly downgridient of Hell GH31 but is located midway
bttwtsn • downgradiint and crosi-gndient petition. Tht difftrtnct in
well location for CH-31, coupled with tht poiition of CH29 in thi flow
field, iccounti for thii apparent diicrtptncj in hydraulic graditntt
calculated in tht Phtst I vtrtui tht Phut II lurvtyt,

At the well pair, GH4S and CH45D, the potent ill of vertical downward
migrttion cm be mined. The hydraulic gradient employed ii tiktn at
the held difference of tht will pair divided by thi diitinct bitwtin thi
midpointa of the rttptctivt iiturttid filttr picks. In this will piir,
the hydraulic head difference ii relatively email—approximately 3 ft.
The verticil grtditnt, thtrtfore, it 3 ft/51 ft, or ipproximtttly 0.06.
Although verticil permeability through tht gny clay confining liyir wai
not dirtctly calculated, • vary low permetbility value would bt txptcttd
for the gny clay. At uttd in prtviout ctlculationa, a ptrmeibility
vtlue of 1 x 10'' ft/iec and an effective poroiity vilut of 0.50 wtrt
itiumed for the gray clay. The vertical flow potential it calculated is
follows;

V - f x i

(0.06 ft/ft)

• 1.2 x 10"8 ft/stc

• 1 * 10"3 ft/diy

Thi low vtrtictl flow rttt titiatttd at 1 x 10"3 ft/day coupled with thi
vertical extent of the grty city laytr at thit will piir (23 ft)
indicatia thit the downward vtrtictl flow potential and contaminant
•igrition from tht ihillow iquiftr to tht deep iquiftr art •AimttP^" j 7
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With the iddition of CH45D, two dttp welli completed in the glacial
outwiah aquiferi art preiant in the vicinity of the Red Htttr Rnirvoiri.
Although a flow ritt ind accurate determination of ground wittr flow
dirtction ire not feaaible, a general tendency of flow dirtction cm bt
titablithtd,

The wittr level in GH32D it approximately 11 ft higher thin thit obiervtd
in CH45D. It cm be concludtd thtt ground water flow direction in thi
dttp iquiftr hit t atrong northerly component. Theie reiultt trt
coniittent with the ground water flow direction in the dtip aquifer
obatrvtd it tht Acidi Arta/Yillow Htttr Renrvoir. If it ii itiumid for
purpoaea of diacuaaion thit the gradient observed between Hells GH32D and

__ CH4SD is directly along ground water flow lines, t rough ipproximttion of
ground water flow rate can be determined at followt:

•O

o

V*xi

• ̂25 i±.dT <o-°3£"f<>
• 3 x 10'6 ft/iec

- 0.3 ft/day

AR30I»6I6
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3.5 POND 13/WET HELL AREA
3.5.1 REVIEW OF PHASE I RI RESULTS
In the Phut I RI turvty, tht gtologic letting of the Pond 13/Wtt Hill
Am was defined using lithologic information obtained from two will
pain inatalltd by ESE ind from four ihillow monitor wall! instilled in
1982 by an EPA contractor. The data from thttt monitor walli indicated
thtt two markedly difftrtnt hydrogtologic invironatnti wire priitnt in
the iret surrounding Pond 13 (Fig. 3,5-1). At Pond 13, near-surface
sediments contiit of • thin (5- to 10-ft) layer of nndy, eilty clay
underlain by a permeable, wittr-bitring ihillow aquifer. At Hill GH23I,
this shsllow aquifir is undtrltin by i thin, probtbly diacontinuoui, city
layer. A aecood, inttrconnicted stnd layer occuri; below tht stcond
land, a gray clay confining layer ia preitnt, Btciutt thi borehole
txttndtd only • tliort ditttnci .into tht city bifon it wii ttrminattd,
the thicknetii of the gray clay layer could not bt determined. To the
southeiit, Hills GW22 and CW22D ware completed in i markedly diffirtnt
geologic environment. At this location, clay extends from the ground
surface to a depth of approximately 60 ft. Tht griy city layer ii
present beginning it 560 ft-MSL and exttndi 25 ft in thickntn. At tht
well piir GH22 ind GH22D, the thailow iquiftr priitnt it Pond 13 ii
tbaent. Tht only water-bearing iquifer at thia location it tht glacial
outwaah which exttndi from ipproxinately 70 to 105 ft in depth ind
terminates at the top ol bedrock which wit incounttred in Hall CW22D,

Hater levela mwiiurtd during the Phase I turvty indicittd a poaaible
ground water flow direction to the north, oppotitt the observed aurfact
water flow direction in thi area. With the ibnnct of additional data
pointa to thi north of Pond 13, it was not possible to verify tht ictutl
ground witer flow pttttrnt in this area. It wn bilitvid that the
hydraulic graditntt indicattd in tht Pbnt I study win not indicitive of
i lubttantial hydraulic graditnt to the north.

AR30l*6l.7
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Two distinct hydrogeologic settings were evident in the vicinity of
Pond 13. However, neither the areal extent of the shallow sand aquifer
at the Pond 13 seep area nor the areal extent of the setting observed at
CH22 and CW22D could be determined,

In addition, the water-level elevationi obierved at EPA02 were sevtral
ftet lower thin sdjtcent welli completed in the lame aquifir, Thii
apparent discrepancy was attributed to a aurveying error.

3.5.2 PHASE II RESULTS
To tddreia the dati gapi from the Fhne I field turvey, the Phtit II
progrim consisted of shallow and deep monitor well installation and a
returvey of EPA02.

Monitor well locations for the Phne II lurvey iri ihown in Fig. 3.5-2.
Both ihillow ind deep monitor welli were initailed in thi vicinity of
Pond 13 to provide additional areal coverage to refine the ihillow ground
witer flow pitterns ind to document the thickness of the gny city liyer.
In iddition, t water-level observation well (OH32S) was initilled
northwest of Wet Hell No. 1 snd EPA04 to provide additional mil
coverage of ground witer flow pitterns. At location GH48D, t planned
well pair, the ihillow well GH48 was not drilled when conditions
coniistent with those observed at GH22 and GH22D were encountered (i.e.,
the ihillow iquiftr wn not prtient and only the deep glacial outwaih
aquifer existsd st this location). Hell GH49 is a shallow aquifer
monitor well located north of Pond 12, between Pond 13 and Pond 12.
Baaed on the information obtained during the Pha>e II drilling program, a
generalised geologic cross section hai bten preptrtd of tht Pond 13/Hit
Hell Arei. Ai ihown on the geologic cron-itction index mtp (set
Fig. 3.2-3), cron iiction E-E1 txtendi ipproximtttly north to louth
through the Pond 13/Wet Hell Area.
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As shown on the cross lection (Fig. 3.9-3), the additional monitor wells
drilled in the Phsse II program hive served to verify the areal ixtent of
the two distinct hydrogeologic environments present it Pond 13. The
ihillow iquiftr incompisiing the nap ana is dtpicttd at tht und unit
on tht figurt btlow monitor will GH24. Tht ihillow und aquifer ii
underlain by the gny clay laytr in tht tret aurrounding Pond 13. The
gray clay laytr, it ii tvidtnt throughout tht nit of HVOH, it continuous
it Pond 13 ind ii approximately 30 to 40 ft thick,

The ground water level measurements collected during the Phase II RI
survty ire prtttnted in Tablaa 3.2-2 ind 3.2-3, For the purpoiti of this
discussion, ground wittr lavala measured during the Apr. 22, 1986
ssmpling epieode will be employed, During the rtiurvty of Hell EFA02, it
wu dtt trained thit t turvtying trror hid occurrtd in thi Phut I
program, md the corrtcttd elevation ii employed in thia itudy. ^joi
In the Phtat I investigation, a confident estimate of ground water flow
rate and direction was not possible, Hater levels messured at the
monitor wells at Pond 13 provided inconclusive data for ground water flow
direction determination. The additional welli inttilltd during tht
Phut II program providtd t tubitmtiilly greater data bait to dtttrmina
the mil extent of tht tquiftri prtitnt ind tht flow dirtction. All
available diti indicttt thit the shallow iquiftr it of limitid sxttnt,
ind, bind on the watar-level •etiurements, eaiintially no dirtction of
ground water flow cm bt tstibliihed for the ihillow und aquiftr. At
indicittd by the water-level tltvitioni plotted in Fig. 3.5-4, ground
wtttr tlivitiont it Hella EPA01 through EPA04 ind it Welli CH238 ind
CH23I are eitantillly tht aame.

Thi ihillow iquiftr ttrminttts to the north, ei ividenced by tht
substsntill city thickntitti obaerved at Hell CH48D. At CH49, a thillow
will to tht tut of Pond 13, witer leveli are approximately ".liftohilhttO I
thin it thi Pond 13 Aril, indicating that ground water flow it not in •• ' /•"••
thii direction. * Vy
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Tht ihillow iquifer it not preaent it Welli CW48D ind GH22/CU22D. Thi
ihillow iquifer at Pond 13 ii bounded by vertically ind area11y txttntive
clay dtpositi to thi north and to tht iguth. Tht grty clay confining
liyir hai bten determined to bt present it Pond 13 ind ii of tufficitnt
thickntu to preclude verticil contaminant migration. Furthermore, it
ihould bt nottd that tht hydraulic hud valuta for tht dttp-aquifer
monitor welli CH22D and CW48D art higher thin thoit obstrvtd it thi
ihillow und iquiftr monitor wella it Pond 13. Eaiantially, i minor
upwtrd gndient it preaent between the ihillow iquiftr tnd tht dttp
glacial outwanh iquifer, Thii further substantiate! th«t conclusion thit
vertical downward migration in the contimintted shsllow iquifer it the
Pond 13/Wet Hell Area ii not poiaible.

AR31U621*
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3.S SURFACE WATER ELEVATIONS
The initial RI lurvey (ESE, 1986d) at HVOW contained a comprehensive
surfict wattr progrim including itrum gaging, flow mtiiurtmints, and
pond gaging, Tht progrim analysed aurface wittr proctuii in tht Hill
Crttk ind Oldtown Crtek drainage batini ind mott pondi it thi HcClintic
Wildlife Station. Thi phyiical hydrologic charactirittici of tht litt,
ii iddriisid in the contamination assessment, determined that surface
wattr contaminant migration was not a major txposurt pithway at WVOH.

Tht Phue II progrim consisted of one round of surfict wttir Itvtl
mtiiurimtntt it ill strism and pond gaging itttiont. The water level
meiiurtmtnti collected in the Phsst II field progrim trt ihown in
Tablt 3.6-1. The locationi of turftcc wittr gaging ttitiont art ihown in
Fig. 3.6-1. Tht Phise II wster levels win consistent with thi 1984-198$
data obtaintd in the initiil RI survty (ESE, 1986d). Riprtiintative
surfice witer leveli for the three irtu of conctrn u uitiied in tht
Phue I Survey ire discuistd in Sec, 3.1,

ftR30l»625
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Table 3.6-1, Surface Water Elevations-April 22, 1986

Sampling Wtter-Level Elevation
Station (ft-HSL)

PI 602.40
P2 601.01
P3 614.07
P6 979.49
P8 580.26
P9 579.61
P10
P13 588.88
P14 593.56
P15 610.75
P16
PI 7
P18 575.90
P19
P24 620.46
P28 591.93
P29 588.12
P30 586.06
P31 585.32
P32
P33 578.73

Mill Creek Station!

MCI 566.01
HC2 582.31
MCA 585.26
MC5 596.41
MC8 607.99

Oldtown Creek Stationi

OTC1 555.27
OTC3 559.74
OTC4 559.05
OTC5 582.74
OTC6 558,25

— • Staff gage milling,

Source: ESE, 1986a.
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Figure 3.6-1
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3.7 SITEWIDE HYDROCEOLOCY--FHASE II RESULTS
The lupplementtl RI survey hss provided vtlutble information rtgtrding
the mil ind verticil txttnt of the aquifer systems priunt it WVOW, At
moit mil of concern, • 2-tquiftr ayatam is prtttnt in thi unconioli-
dated sediment!. At tht Acidi Area/Yellow Hittr Rtttrvoir tnd tht Rid

1 Hittr Riatrvoiri, i ihillow alluvial iquiftr it upirittd from the dttp
glacial outwith squifer by the gray clay confining layer. The glacial
outwaih tquiftr ii pruent it ill lite areia of conctrn it limilar
phyiictl chirtcteriatica. According to publiihed information (Hilmoth,
1966), thi glacial outwuh iquiftr riprtuntt a ainglt, cotitinuout,
iquifer ayatem, The data obtained in the WVOW field inveitigitioni
apptar to confirm thia itittmtnt.

O
The gny clay confining layer which upiritti tht tlluvitl tquifir from
the deep glacial outwaih aquifer it preitnt in all artu of concirn it
WVOW. The clay hai been detected in 23 borehole! in the field
inveitigitioni. Of the 23 boreholet, 21 penttratid tht tntirt thickniu
of the clay unit, allowing quantification of the sitewidt variations in
thickness of the clay, The clay rsnges in thickness fron 5 to 42 ft
scrosi the site. The average (mean) thickness is IB.3 ft; the midisn
thicknets is 14 ft. The data indictte thit the gray clay persists
throughout WVOW snd sets 11 in tffsctive birritr to vtrticil contaminant
migration. The clay wai typically uniform in color (dark gray),

.' lithology, and coniiitancy. The extent, competition, end thiekneat
indicitt thit the clay providti in effective btrritr to pottntial
vertical contaminant migration. Tht txtint ind charactariitict of tht
gny city ire lilted in Table 3.7-1. Fig. 3.7-1 and Fig. 3.7-2 ihow tht
thickntu of tht gray cliy ind the tltvition of thi top of thi unit
tcrott the titt, riaptctivtly.

Hittr leveli meuursd in tht ihillow alluvial aquifir end tht deep
gltcitl outwuh aquifir on Apr. 22, 1986, win und to prftBS flt«&et°

,•-.. water-level contours. Fig. 3.7-3 snd Fig. 3.7-4 are 2-dimanaional plott
VJ
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Table 3.7-1. Gray Clay Confining Layer—Extent and Characteriatica

Top-of-Clay
Hill Eltvttion Thickntss

Dei ignition (ft-MSL) (ft)

CH01 571 9
CH04 575 6
GH05 555 17
GW06 562 8
CH07 557 13
CW09 551 21
CH10 574 36
CH12 969 33
CH21 561 37
CW22 560 25
GH27 556 23
GW30 578 5
CH32 551 13
CW34 562 6
CW35 565 14
GH36 561 19
GH38 570 9
CH39 566 10
CW40 560 13
CW45 556 23
CW48 , 573 42

Sourcil ESE, 1966a.

AR3014629
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Figure 3.7-1
THICKNESS OF QRAY CLAY
CONFINING LAYER
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POND 11 WELL LOCATION
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Figure 3.7-3
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APRIL 22,1086

WEST VIRGINIA
ORDNANCE WORKS

Supplemental Rtmedlil Invisllgillon
Phut II Field Progrim

3-57



INin-POND 11 WILL LOCATION

PHASE I MONITOR WELL
PHASE II MONITOR WELL

WOO FEET

Two METERS

WATER-LEVEL ELEVAiTION.FT4ISL(«22M
CONTOUR INTERVAL

Figure 3.7-4
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showing ground water contours in the shallow alluvial aquifer ind deep
glacial outwaih aquifer, reapectively, In the shsllow iquifer, ground
witer flow is predominantly weatwird, At the Red Water Reiervoira, a
northweit flow ii evident, whereat a touthweit flow ii evident in the
vicinity of the Burning Croundi Area. In thi deep aquifer, i flow dividt
it tpptrent in the vicinity of the Acidi Area/Yellow Water Rettrvoir.
Thii divide extends approximately west to east; ground water flows to the
north in the northern portion of the site, and flow is to the south and
southwest in the southern portion of WVOW.

O
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4.0 CONTAMINATION ASSESSMENT

4.1 PHASE II RESULTS
Phase II ground wster ind tediment implei were analyzed for nitro-
iroMtlci using USATHAMA Methods C2 and D2, reapectively, According to
USATHAMA protocol, 02 was cliisified as a seniquantitative method bated
on 1-day analyiea of the standard matrix iimples ipiktd tt tpecific
levels. Data reaulting from i teniquantitative method are reported to
one lignificant digit, Method D2 was classified as a quantitative method
based on a 4-day analysis of the spiked samplea. Data are presented to
two lignificant digiti. Certified detection limiti, Quality Control (QC)
spiking levels, and the certified range were derived from the stsndard
matrix ample ipike analyses. The QC spiking level a for Methods 02 and
D2 were approximately 2.5 and 10 times the certified detection limit,
Calibration atandsrds, ssmple concentration!, and daily QC tpikit ihould
sll be within the certified range of the compounds,

In the dstt review diicuised in the folowing sectioni, the detection
limiti may viry from sample to simple and in certtin inttancti irt
greiter thin the certified detection limit,

In cues where the concentrstion of in tntlyte wu grtiter thin the
highett calibration standard, the ssmple wu diluted in order to bt
within the certified ringe, Dilution of t multielement iimplt can raiae
the detection limit of a compound to a concentration greittr thin thi
detection limit by the appropriate dilution factor.

•

A ticond explanation for detection limit variance occurred during the
April 1986 analyiea of the EPA veils and GH33, GH41, and CH44. In this
case, to compensate for low spike recoveries for 1,3,5-TKB and 2,4,6-Iffi,
the detection limits for these two compounds were raised, The detection
limit for 1,3,5-TNB wu railed from 2 to 10 ug/L, and for 2̂ ftSfti)tb>3 5
limit changed from 0.08 to 2 ug/L, Appropriate dilution factors wtrt
then applied.
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4.2 ACIDS AREA/YELLOW WATER RESERVOIR
4.2.1 REVIEW OF PHASE I RI RESULTS
As described in the Phase I RI report (ESE, 1986d), detectable leveli of
nitrotronstic compound! were observed during 1985 in the ihallow iquifer
at Monitor Well GHZ7 in the irea of the former Yellow Hater Reservoir ind
in Well CW41, which wai locsted along the* route of the underground yellow
water sewerline. The contamination of the ihillow ground witer
apparently ia related to the storage of yellow wster in the former
reservoir snd leakage of yellow water from the sewerline. Soile
underlying the Yellow Hiter Reservoir end soils along the bed of the
yellow water tewerline were found to contain nitcoarooatic compounda
during the Phase I RI (ESE, 1986d).

4.2.2 PHASE II RESULTS
To better define the horitontal and vertical extent of ground water
contamination, the Phaie II investigation in this area included the
installation snd sampling of two additionil monitor wells (GW27D ind
CW44) plus the resiopling of the eight wella that were instslled in the
fall of 1984. The locations of the two additionil welli ind the existing
wella are shown in Fig. 4.2-1. Monitor Well CH44 wis installed to better
define the horiiontsl extent of contamination in the shallow aquifer
downgradient of the Yellow Water Reservoir, and Monitor Hell GH27D was
instslled sdjscent to the shallow monitor well, GH27, to monitor the
ground water in the deep aquifer below the previoualy documented
contamination in the shsllow aquifer.

The results of the April 1986 sampling of the 10 welli in the Acids
Area/Yellow Hiter Reservoir iret ire provided in Table 4.2-1. The
apatial diitribution of totsl nrtroiromitict (the arithmetic lum of the
individual nitroaromatic iaomers) is shown in Fig. 4,2-2. Nitroiromatic
contamination of the ihallow aquifer followed a pattern similar to that
observed in the Phsse I RI (ESE, 1986d). As shown in Table 4.2-1 ind
Fig. 4.2-2, nitrotromatic contamination of the ihillow iquife

,0

,,-,,,.'••.
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occurred st Monitor Hells GH27 snd CH41, with higher concentrttions
observed at GH27. Phase II resampling confirmed chat contaminttion of
ground water had occurred beyond the HcClintic Wildlife Station boundary,
The ihallow iquifer in this area is not currently uied as a tource of
drinking water.

As shown in Table 4.2-1 snd Fig. 4.2-2, no nitrosromatic compounds were
detected in any of the other shallow wells in this srea. These results
sre similar to the Phsse I ssmpling. Monitor Hell GW44, instilled
seversl hundred feet downgridient of the Yellow Hater Reservoir, alto did
not contain detectable levels of nitrosromstics. The elevated detection
limit at GH44 in the Phase II survey is discussed in Sec. 4.1. In this
instance, the detection Units for 2,4,6-TNT snd 1,3,5-TNB were raised to
compensste for low spike recoveries in the QC ssmplea, Specifically, the
2,4,6-TNT detection limit was raised to the 2X level from 0.08 ug/L to
0.2 ug/L), and the 1,3,5-TNB detection limit was raised to the JX level
(from 2 ug/L to 10 ug/L). The 8-ug/L increaae in the 1,3,5-TNB detection
Unit accounted for most of the increase in the detection limit for total
nitroaromatics, It is important to note that the total nitroaromatici
values used throughout this report are simply the arithmetic sum of the
individual constituents and are not values produced, in a specific
chemical analyais, To assess the impact of the elevated detection
Units, the values of the individual nitroaronatic iiomert it GH44 wire
compered with the valuei observed it GH27, located it the Yellow Hater
Reservoir. Ir both wells (April 1986 sampling), levels of nitrobenitne,
1,3-DNB ind 2,(-Din were below detection limita. The concentrition of
TNB it GH27 decreased from 30 ug/L to leas than 10 ug/L it GH44, For
2,4-DNT, the concentrition at GH27 of 7 ug/L decrened to leu then
0.3 ug/L at GH44. For 2,4,6-TNT, the concentration of 20 ug/L it GH27
decreited to leai than the detection limit of 0,2 ug/L it GH44. It wu
concluded thit the tbsence of contamination observed at CH44 iff
definea the extent of contamination downgradient of the Yellow

..,••„ Reservoir.
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Theie diti indicate that ground water contaninstibn is occurring only in
the immediate vicinity of the Yellow Hater Reservoir and is more
attributable to the yellow water sewerline. As described in the Phase I
RI (ESE, 1986d), soili underlying the Yellow Hater Reaervoir end along
the bed of the yellow water aewerline were found to contain nitre-aromatic
contaminants. Addltionslly, soils collected in the Yellow Hater
Reservoir during the September 1985 resctivity sanpling were found to
contain up to 2,830 ug/g (dry-weight) of 2,4,6-THT. This residual
nitroaromatic contamination in the aoils and sediments is a continuing
source Cor nitroaronatic contamination of the ground water, No ground
water contamination is occurring from either the Acids Area or the north
and south powerhouses,

The sample of reservoir sediment snslysed for resctivity WAS determined
to be nonresctive. The reactivity testing progrsm was described in the
Feasibility Study (FS) report for the firat operable unit at HVOH (ESE,
1986c).

The deep well (GH27D) inatalled near the Yellow Hater Reservoir contained
detectable leveli of 1,3-DNB, trinitrobensene (TNB), 2,4-DNT, and
2,4,6-TNT (tee Table 4.2-1). It ahould be noted that thia well ii
screened in the aquifer that is used as a potable source in this area.
Nitroaromatic compounds have not been detected in either of the deep
wells at the powerhouses (GH40D snd GH34D) or in the deep well at the
McClintic Wildlife Station (DGHH). The deep wella are screened in the
lime aquifer 11 GH27D.

The observed contaminant leveli and the relative concentration of the
virioui nitroaromatic compounda (compartd with thote observed in the
shallow well, GH27) indicate the possibility that some contaminated
ground water from the ahtllow aquiftr may have leaked to tht dtip iquiftr
during the installation of Htll GH27D. Review of tht drilling log (or
GH27D indicitet that three separate boringa were attempted btfori th

G

4-7



D-WVOH-RI-SUP.1/42.4
03/27/87r

well could be inntslled. The tint two borings, located approximately
30 ft west and 36 ft southwest of GH27D, were abandoned by grouting.

The primary difficulty in the construction of this well was related to
breaks in the steel drive casing which occurred as the casing wsa driven
ahead of the drill bit or n the casing was removed during well
construction, The logs for the first two ittempts to inatall Hell GH27D
indicite that the casing bresks occurred at depth intervals either within
or below the gny clay zone, The problems encountered during placement
tnd/or removal of the drive cuing may have been partially or completely
attributable to increased akin friction or adheaion between the citing
ind the gray clay. When the first two borings were abandoned, grout was
pumped into the drive ctsing before the cssing was removed, resulting in
s positive pressure gradient from the boring into both iquifer conei.
Therefore, at no tine did a direct connection between the ihallow
contaminated aquifer and deeper potable iquifer exitt.

| ( \fS The third and final attempt to instill Hell GH27D alio encountered
difficulties related to parting of the drive citing; however, the circum-
stinces were signlficintly different from thoae for the firat two
attempts. The drive casing broke at a depth of 30 ft below the land
surface, which wn approximately 14 to 15 ft below the elevation of the
shsllow ground water surface, Shsllow ground water .wet able to migrate
down the drive casing into the deeper aquifer during the period of time
the break was below the shallow ground water level. Review of the boring
log indicates that once the break in the drive casing was identified, an
immediate attempt to pull the caaing up (i.e., to a position tbovi the
shallow ground water level) was initiated, Approximately 2 hourt elapud
before this procedure wts completed. During this period of time, shtllow
ground witer was able to flow downward through the drive casing into the
deeper aquifer. The presence of contaminants in the deeper aquifer
(Hell GH27D) ia attributed to this temporary interconnection of the two
water-bearing sones.

4-8
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4.2.3 TIKE-SERIES SAMPLING RESULTS
In August 1986, a time-series sampling of Well GH27D was conducted to
determine if the nitroaromatic contaminants had been dispersed in the
deep aquifer or if the concentrations observed in the April 1986 sampling
persisted, During the time-series sampling, Hell GH27D was pumped contin-
uously for 51 hours at the rate of 8 to 9 gallons per minute (gpra) to
achieve a continuous drawdown goal of approximately 40 ft, During the
pumping, seven samples were collected using a bailer, Samples were slso
collected from the shallow well, GW27, to coincide with the GH27D
samples. Hater-level measurements were also made in GH27. Well GH27 was
not pumped during this sampling. Hater-level measurements for both wells
sre shown in Tsble 4.2-2.

The results of the tine-series sampling for Hells CH27 and GH27D are
given in Tables 4.2-3 and 4.2-4, respectively. Fig, 4,2-3 shows the
relationship of total nitroaromatics as a function of i;ime for both
wells. As shown, levels of total nitroaromatics in the deep aquifer
decreased from 70 to 5 ug/L during the time-series pumping. The
prepumping sample containing 70 ug/L of total nitroaromatics is likely
not representative of true aquifer water quality. The early pumping
phases samples containing 40 ug/L are considered representative,

The geochemtcal and geohydrological data sets derived from the time-
series sampling indicate that the shallow aquifer is not s continuous
source of the contamination detected in the deeper aquifer. During the
pumping of GH27D, the concentration of nitroaromatic compounds in the
shallow aquifer (Hell GH27) remained relatively constant at approximately
60 ug/L. In addition, no water-level fluctuations were observed in the
shallow aquifer even though drawdown of 40 ft was maintained in the
underlying aquifer. Theie data atrongly suggest that no hydraulic
connection exists between the two aquifers in this study area.

AR3046U ~
• '"
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Table 4.2-2. Time-Series Sampling Hater-Level Measurements--
August 11-13, 1986

Hater
Dite Time Level* Comments

Hell GH27

8/11/86 1138 14.71 Prepumping
1929 14.75
2225 14.83

8/12/86 0053 14.77
0858 14.82
1210 14.77
1350 14.76
1607 14.79
1902 14.79
2245 14.78

8/13/86 1425 14.78
1709 14.78
1811 14.79

Hell CH27D

8/11/86 1733 16.67 Prepumping water level
1733 16.67 Pump on; flow rate

20 gpm
1734 43.0
1735 55.98
1736 80+ Puop wiring and hoie

interfering with probe
acceaa

1740 104+/- Hater level at pump
intake

1740 104t/- Pump off
1822 17.38 End recovery; pump on
1823 33. '10

• • 1825 51.82 10 gpm
1826 56.30
1828 60.09 9 gpm
1829 61.25 6.5 gpm
1831 62.55
1834 56.32 7 gpm, idjutting flow
1837 55.26 8 gpm
1841 58.81 9 gpm

O
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Table 4.2-2, Time-Series Sampling Hater-Level Meaaureaents—
Auguat 11-13, 1986 (Continued, Page 2 of 2)

Date

Hell GH27D

8/12/86

8/13/86

Time

(Continued)

1844
1921
2000
2034
2053
2145

0340
0853
1216
1354
1605
1900
2243

0053
0555
1330
1430
1707
1808
1830

Hater
Level*

61.11
31.10
59.8
—

23.0
43,53

47.48
57.04
59.85
59.70
60.46
61.25
53.75

54.23
55.07
55.66
55,75
56.02
56.48
56.59

Comments

Discharge valve clogged
9 gpn
Generator out of gas
Restart
8 gpn

8 gpn
8 gpm
8 gpm

8 gpn

8 gpm

9 gpn

9 gpn
Pump off

*Water-level meaaurementa in feet from top of PVC caaing,

Source: ESE, 1987.

ARSONS
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n
Table 4.2-3. Chemical Results of Tine-Series Sampling of Monitor Hell GH27 (Shallow Aquifer)

Lo

Date:
Parameter Time:

pH, field
(itandard units)

Specific conductance,
field (mho/cm)

Hater temperature (*C)

Nitrobenxene (ug/L)

1,3-0X8 (ug/L)

TUB (ug/L)

2,4-DNI (ug/L)

2,6-mr (ug/L)

2,4,6-TNT (ug/L)

Total nitroaroraaticot
(ug/L)

Nitrate + nitrite
(ug/L as N)

08/11/86
1805

5.94

88.0

16

<0,5

<1*

40

6

<4*

X

80

1,000

18X

6.62

89.0

17

<0.5

<0.5

X

4

2

X

70

1,000

1910

6.00

94.0

16

<0.5

0.9

•20

5

5

10

40

1,000

2232

6.40

110

14

<0,5

0.9

30

6

<B*

20

60

1,000

08/12/86
0740

6.29

110

13

<0.5

0.9

X

5

<B*

20

60

1,000

1830

6.94

102

16

<0.5

0.9

40

6

<B*

20

70

1,000

08/13/86
1845

6.06

102

16

<0.5

0.7

X

5

<B*

20

60

1,000

*Heftr to Sec. 4.2.2, paragraph 3.
Urictaetic turn of the aix nitroarontic iscoera (calculated).

Note: N • nitrogen.

Source: ESE, 1987.

AR30l}6l»6
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Table 4,2-4. Chemical Results of Tine-Series

Date:
Parameter Tine:

pH, field
(itandard units)

Specific conductance,
field (unho/cn)

Hiter tcoperature (*C)

Nitrobenane (ug/L)

1,3-DNB (ug/L)

TNB(ug/L)

2,4-ONT (ug/L)

2,6-nH (ug/L)

2,4,6-TNT (ug/L)

Total nitrosromticst
<W!/L>

Nitrste t nitrite
(ug/L as N)

Alkalinity, total
(aj/L as Csfl>j)

D-W0W-RI-SU?.l/\rTB424.1
03/27/87

Sailing of Monitor Hell GH27D (Deep Aquifer)

08/11/86
1512

8.30

180

17

<0.5

5

50

0.8

<4*

10

70

700

37.0

1743

8.00

201

18

<0.5

3

X

0.6

<4*

7

40

500

57.0

1855

7.02

209

16

<0.5

2

20

0.7

<4*

7

X

400

70.0

2215

8.X

215

26

<0.5

2

X

0.7

«(*

6

40

500

71.0

08/12/86
0210

6.%

220

14

<0.5

2

X

0.9

<M

6

40

500

81.5

1757

9.07

265

16

<0.5

3

X

0.5

1

5

40

600

114

08/13/86
1810

9.20

280

17

<0.5

2

<2

0.6

«*

2

5

500

110

*8efer to Sec. 4.2.2, paragraph 3.
tArittnetlc wm of the lix nitroarcntic isoari (calculated).

Note: CsO>) • calcium carbonate.
ng/L • mUlicrats per liter.

Source: ESE, 1987.
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The gray clay layer, with an average thickness of approximately 20 ft,
was identified on the drilling logs from the three deep wells in the area
(CH27D, GH34D, and GH40D). The data from these wells provide sufficient
detail to accurately define the continuity of the clay at this study
ares. Vertical flow from the ihallow contaminated aquifer to the deeper
zone, through the clay layer, was eatinsted to occur at a rate of
1.7 x 10-* ft/day (aee Sec. 3.3). It is unlikely, therefore, that the
contaminant levels detected in Hell GW27D are the result of ihallow
contamination migrating through the clay layer. The break in the drive
casing described in Sec. 4.1.3 is the most realistic aource of the
observed contsninition in the deeper aquifer.

Using the geohydrological parameters developed for the Yellow Hittr
Reservoir ind the fining of certain key events, the ridiut of the trei
around Hell GH27D affected by the drilling and time-aeries sanpling can
be estimated. The ground water flow rate in the deeper aquifer at this
study area was found to be 6 x 10~3 ft/day. Approximately 4 months
(122 days) elapsed between the temporary interconnection of the deep ind
shallow aquifers snd the initiation of the time-aeries aanpling. During
this tine, contaminants introduced during drilling st GH27D mty hive
migrated up to 1 ft fron the well under the influence of the natural
ground water gradient. Therefore, it nay be assuned that the
contaminant! introduced at Hell GH27D had not migrated a aignificant
distance from the well by the time the tine-series umpling was
initiated.

During the tine-series aanpling, approximately 26,000 gallons (gal) of
water was extracted fron the deeper aquifer, A firit approximation of
the volume of saturated aquifer affected by this quantity of pumping cm
be calculated aa followa:
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O
volume of water extracted (gal)V » ——"—"————"~—~—"——"——

17.48 gal/ cubic feet (ft3)] poro,ity

26.000

,o

v (7.48) x (0,25)

V • 13,900 ft3

where: V • volume of aquifer affected by punping.

Using the assumption that the thickness of the iquifer thtt yielded witer
to Hell GH27D during the pumping wts equal to the thickness of the
screened interval (15 ft), the radius of s circular area iround the well
iffected by the pumping cm be estimated at followt:

volume of aquifer (ft3)
|feffective thickness (ft) x (IT)

r • 17 ft

where: r • rsdius of aquifer iffected by pupping.

Additional data which would allow further refinement of the calculation
of the radius of the sffected area iround the well ire not available.

Hell GH27D ii located approximately 30 ft eatt (upgridient) of the
locations of the first two attempts to construct the well. The well log,
described previously, seens to indicate that no contamination was
introduced to the deeper aquifer during the drilling at the first two
well sites. Therefore, the ground witer in the vicinity of tht two
borings may be expected to be free from nitrotromatic contamination.
Additionally, because each of the two initial well bores was abandoned by
grouting, an unnatural source of high alkalinity snd pH (i.e., the grout)
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is present in the vicinity of the abandoned borings. The low ground
water gradient in the deeper aquifer would not have allowed this source
of high alkalinity and pH to dissipate in the period of time since
emplacement of the grout.

Review of the geochemical data from the time-aeries sampling indicatea
the following;

1. After initial fluctuations in the concentration of total nitro-
aromHtics csuaed by initiation of pumping, the contaminant level
temporarily equilibrated at a value of approximately 40 ug/L.

2. The final sample obtained juat prior to ceaaation of pumping
indicated a dramatic reduction in the level of total nitro-
aromatic contanination.

3. Coincident with the reduction of detected nitroaromatic
contanination, an increase in both alkalinity and pH was
detected.

4. Throughout the duretlon of the time-series pumping, the nitrate
* nitrite levels remained constant.

The equilibrium (temporary) value of 40 ug/L of total nitroaromatica in
the deeper aquifer is repreaentative of the level of contamination in the
vicinity of the well bore caused by the temporary interconnection of the
shsllow and deeper aquifers during well construction. Estimates of
potential migration of this contsninstion away from the vicinity of the
well bore under the influence of the netural gradient presented
previously indicate that insufficient time hsd elapsed fron the time of
drilling to initiation of the time-series sampling to allow significant
migration of contaminants fron the immediate vicinity of the well.

The first approximation (17 ft) of the radiua of the aquifer tone around
Hell GH27D affected by the pumping may be undereatimated, The increase
in alkalinity and pH detected in samples collected in the later portion
of the lumping period strongly suggests that ground water from the

AR30H65H3
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vicinity of the first two well bores was reaching Hell GH27D at a much
earlier tine then that indicated by the approximation. As stated .
previously, the well logs for the first two borings do not indicate that
an interconnection between the two aquifer tones wn ever operative,
suggesting that the ground water in the vicinity of the bores was free
from nitroaromatic contanination. If the_ increases in alkalinity and pU
are attributed to arrival of "clean" water fron 30 ft away, a decreaae in
the leveli of nitroaromatic contamination would alto be expected during
the later atiges of pumping aa the "clean" water reached the pumped well.
The chemical dati for nitroaromatic compounds are coneistent with this
model. In comparison, levels of a naturally occurring chemical
constituent of the deeper ground water (nitrate + nitrite) remained
constant during the period of pumping.

The time-series sampling effectively demonatrated that the contamination
of the deeper aquifer waa the result of the documented temporary inter-
connection of the contaminated shallow aquifer with the deeper aquifer,
and that the contamination has been significantly reduced by the pumping
of the deeper aquifer.

4-1B
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4.3 RED HATER RESERVOIRS
4.3.1 REVIEH OF PHASE I RI RESULTS
During the Phase I RI, six monitor wells were installed in the vicinity
of the Red Hater Reservoiri, Three wells were installed immediately
adjacent to the reservoirs, snd three wells were instslled along the
lower Mill Creek drainage. As described in the Phase I RI report (ESE,
1985d), no nitroaromatic contamination_saiijibserved along the Mill Creek
drainage. Contamination, however, was detected in the shallow aquifer
adjacent to the former reservoirs,

4.3.2 PHASE II RESULTS
4,3.2,1 Ground Hater
The Phase II RI investigations in the Red Hater Reservoirs area included
the installation and sampling of four additional wells plus the
resampling of the six existing wells that had been instslled during the
initial RI survey. The locations of the four additional wells (GH45,
GH45D, GH46, and GH47) are shown in Fig. 4.3-1. As,shown, these wells
are located northwest of the former reservoirs. Monitor wells GH45 and
GH4JD are • monitor well pair designed to monitor the shallow aquifer as
well as the deep, confined aquifer adjacent to and downgradient of the
former reservoirs. Monitor Hella GH46 and GH47 were installed to monitor
the shallow aquifer downgradient of the forner reiervoirs, These
additional wella were installed based on the pronounced ground water
gradient that wai observed during the Phaae I RI lurvey. The location of
the Schwartt (SHH6) well and GH33 relative to the Red Hater Reservoirs
ares is shown on Fig. 2.1-3.

The results of the April 1986 sanpling of the 10 wells in this area are
given in Table 4.3-1. The areal concentration diitribution of total
nitroaromatics (the arithmetic turn of the individual nitroaromatic
ieomere) is shown in Fig, 4.3-2. The pattern of contamination' obttrvtd
in April 1986 was limilar to the previous ssmpling conducted during thi
Phue I RI aurvey. Aa ihown, no contamination wn obitrvtd in Monitor
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Hells GH29, GH31 (located adjacent to but upgradient of the reservoira)
and GH32, CH32D, or GH33 (located along the Hill Creek drainage). The
April 1986 sample from Monitor Hell GH33 did not contain detectable
nitroiromstics. Because of low spike recoveries in the QC templet, the
detection limits for 2,4,6-TNT and TND were raised to the 2X snd 5X
detection limits, respectively (where X represents the analytical
detection limit for the certified method). Although the detection linita
were elevated for thia sample, the 2,4,6-TNT limit of 0.16 ug/L provides
an adequate data point to indicate that the well is unaffected by
nitroaromatic contamination.

As shown in Table 4,3-1 and Fig, 4.3-2, nitroaromatic compounds were
detected in Monitor Hells GH30, GH45, GH45D, GH46, GH47, and SHH6, all of
which are located downgradient of the former reaervoirs. Hell SHH6 and
GH33 are off the scale of Fig, 4.3-2 and are shown on the site nap,
Fig. 2.1-3. Total nitroaromatic compounds ranged from 2 to 200 ug/L in
the downgradient shallow aquifer. The concentration of nitroaromatica
observed in Monitor Hell GH30 (10 ug/L) was approximately the same as the
level reported during the previous RI survey (16,6 ug/L). The highest
concentration (200 ug/L) was observnd in the shallow aquifer at Monitor
Hell GH45, which is located immediately downgradient of the former
reservoirs.

These additional data indicate contaminant migration has occurred beyond
the McClintic Wildlife Station property boundary, In addition, the April
1986 ssmpling of the Shwsrtc well revealed low but detectable levels of
1,3-DNB (1 ug/L) and 2,4,6-TNT (0.2 ug/L). No nitroaromatic
contamination of the Shwartt well was reported in the 1985 ssmpling. A
review of the chromatograma generated during the 1985 analysis indicsted
that contaminant peaks were identifiable but were below the 1985
certified detection limit i. This well is not utilised as a potable
source.

AR30l»657Q
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The deep well (GW45D) installed doungradient of the former reservoirs
contained detectable levels of 1,3-DNB and 2,4,6-TNT (see Table 4.3-1).
This well was screened in the deep aquifer below the gray clay confining
bed. This well and Monitor Wells GW45 and GH47 were ressmpled during
August 1986 (see Table 4.3-2). Contaminant levels observed in GH45 and
GH47 were consistent with the results of the April 1986 aampling, The
concentrations observed in the deep well CH45D warranted a thorough
evaluation. In GH45D, the concentration of total nitroaromatics
increased from 2 ug/L in April to 7 ug/L in August, The increase was due
to a marked rise in the 1,3-DNB concentration, which increased from
2 ug/L in April 1986 to 7 ug/L in August 1986, However, during this same
period, the concentration of 2,4,6-TNT decreased from 0,3 ug/L to below
the detection limit of 0,08 ug/L. Although one constituent incressed,
the only other constituent detected in the April sample decreased to
below the detection limit in this 4-month period. The remaining
nitroaromatic compounds were below the detection limits in the April and
August samples.

At these trace levels, an increase of J ug/L in total nitroaromatics
concentration cannot be considered significant given the analytical
uncertainty associated with summing the analytical' results for six
individual constituents, Based on the April and August results, it csn
be concluded that no apparent increase was evident in nitroaromatic
concentration.

The areal extent and thickness of the gray clay confining layer waa
defined using information from Hells GH30, GH32D, GH45D, and GH47, At
GH45D, the clay extended to a thickness of 23 ft, Employing water-level
data from GH45 and GH45D, a vertical flow potential of 1 x 10"3 ft/day
was calculated,

AR30lj658
The continuity and thickness of the grey clay should effectively limit
vertical contaminant migration to the lower aquifer. The results of the
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Table 4.3-2. Phase II Chemical Data for Ground Hater in the Red Hater Reservolri, Auguat 1986

Parameter

pH, field (ittalard unitt)

Specific conductance, field (unto/on)

Hater temperature ('C)

Nitrobeiuene (ug/L)

1,3-CNB (ug/L)

TNB (ug/L)

2,4-mr (ug/L)

2,6-Wr (ug/L)

2,4,6-WT (ug/L)

Total nitrosrcasticst (ug/L)

Nitrite + nitrate (ug/L aa N)

Total alkalinity (nj/L as CsCflj)

*Refer to Sec. 4.2.2, paragraph 3.
{Arithmetic sum of the six nitrotrcostic

Note; NA • Not analysed.

Source: ESE, 1987.

GH45

6.36

210

15

<0.5

<0.2

100

1

20

40

200

3,000

NA

iscneri

Monitor Hell
GH45D

8.13

232

16

<Q.5

7

<2.0

<0.3

<D.8

<0.08

7

10

128

(calculated),

0*7

6.53

291

16

<0.5

1

<20*

20

«*

6

30

4,000

NA

RR304659
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I time-series sampling at GH27D in the Yellow Hater Reservoir area
indicated that the low levels of contaminants may have been introduced
into the deeper aquifer during well installation. A similar situation
had also occurred at GH36D in the TNT Manufacturing Area. Resampling of
GW36D in April 1986 indicated that contamination was not present in the
deep aquifer at the TNT Manufacturing Area. Baaed on these
circumitsncei, it appears likely that the'contaminants were introduced to
the deep aquifer during well installation,

4.3.2.2 Sedimenta
Sediment ssmpling of Ponds 1 snd 2 during the initisl RI survey revealed
low levels of nitroaromatics in the sediments of both ponds (ESE, 1986d).
In the Phase II program, vertical composite simples were collected below
the intervsl of each Phase I sample. In addition, a large areal

( composite simple wss collected at Pond I during the resctivity ssmpling
program in September 1985.

j_ The nitroaromatic concentrations observed in the Phise I and Phue II
\^> surveys were consistent (Table 4.3-3); however, the 2,4,6-TNT

concentrition in the reactivity composite sample (2,210 ug/g dry weight)
was several orders of magnitude higher than the Phaae I or II reiults.
The samples collected in the Phase I program were diacrete uuples; in
Phase II, vertical conpoaite ssmples were collected by coring below the
interval of each Phase I sample, In contrait, the reactivity areal
composite simple wis collected from a trench dug in a dry area of the
pond during low-water conditions. The difference in the sample
collection procedures may account Cor the difference in the observed

'•' concentrations in the reactivity program compared to the reeulta of the
Phase I snd II ssmplei. The higher concentrations observed in the sample
are likely due to hot spots in the sediments encountered during the
composite nopling. Further information deacribing the reactivity
tetting progrim in dettil it contiined in the FS report for the tint
operable unit it HVOH (ESE, 1986c).

AR31U660
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Table 4.3-3. Phue II Chemical Data for Sediments in the Red water Reservoirs

____________Sample Peaignation____
Parmater 'P1F P1F2 P1F3 P2F P2F2 F2F3

Sealing Date; 04/25/86 04/24/86 04/24/86 04/23/86 04/24/86 04/24/86
Staple Typti VC* VC VC VC VC VC

Sampling Inter- 2.0 - 3.5 2.0 - 3.5 2.0 - 3.5 1.7 - 4.8 2.0 - 3.8 2.0 - 3.5
vsl(ft)t: 4.2-5.4**

Nitrobenzene (w/g) <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

1,3-nffl (ug/g) <0.20 <0.20 <0.20 <0.20 <0.20 <0.20

1,3,5-Tffl (ug/g) <1.6 <1.6 <1.6 <1.6 <1.6 <1,6

2,4-mr (ug/g) <o.io <o,io 0.26 <o.io 1.2 0,51
2,6-tHt (ug/g) <0.10 <0.10 <0,10 <0.10 <0.10 <0.10

2,4,6-TNT (ug/g) <0.10 <0.10 <0,10 40.10 0.36 <0.10

Hoiiture (X Het Height) 20.4 23.5 6.4 14.2 5.2 0,9

*VC • vertical composite ssople,
tSompling interval measured from top of sediment.
"Interval from 3.5 to 4.2 ft not included in composite sample.

Source: ESE, 1937.

AR3Qlt66l
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The concentrations observed in the Pond 1 and 2 sediments were shown to
be a source of shallow ground water contanination at the Red Water
Reservoirs area. In addition, the red water sewerline is considered a
source of ground water contamination at other areas of WVOW snd is
considered a contributing source of ground water contamination at the Red
Hater Reservoir. The observed nitroaromatici concentration in the pond
aedimenta, along with the contribution of the red water sewerline, is
adequate to account for the observed nitroaromatic contamination in the
ground water.

AR31U662
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4.4 POND 13/WET WELL AREA
4.4.1 REVIEW OF PHASE I RI RESULTS
The Phase I investigation {ESE, 1986d) in the Pond 13/Wet Hell Area
involved sampling eight monitor wells: the four previously installed EPA
monitor wells (NUS, 1983) plus four wells installed in the fall 1984
(ESE, 1986d), Nitroaromatic contamination was observed during the 1985
RI (ESE, 1986d) in five of the eight monitor wells, Highest concentra-
tions were measured in the shallow, water-table aquifer near the route of
the underground red/yellow water trunk aewerline and the two Het Hell
Area holding basins,

4.4.2 PHASE II RESULTS
During the Phase II RI (ESE, 1986a), two additional monitor wells (GH48D
snd GH49) were installed to better delineate the complex geologic
characteristics of this area and to provide additional treil coverage tnd
verticil dita on the extent of the contaminant plume that was observed
during the 1985 sampling. As shown in Fig. 4.4-1, monitor well GH48D was
installed just north of Pond 13, and GH49 was installed north and ent of
Pond 12. A shallow aquifer monitor well also was planned adjacent to the
GH48D. The plans for installation of this well, however, were abandoned
when city was encountered during the drilling of GH48D from ground
surfsce to a depth of approximately 75 ft, The Phase II program also
included installation of a shallow water-level observation, Hell OH32S,
west of Hell EPA04.

The results of the April 1986 sampling of ill 10 wells in the Pond 13/Wet
Hell Area ere presented in Table 4.4-1. Total nitrotromttics valuei
indictted in Table 4.4-1 ire the sum (calculated) of the six
nitroironstic compounds, The totsl nitroaromatic concentrations are
plotted in Fig. 4.4-2 to show the spstial distribution of contamination
in the shallow aquifer. The pattern of contamination shown in Fig. 4.4-2
is similar to the distribution observed during the 1985 sampling (ESE,
1986d), Highest levels of nitrosromstics (principally 2,4,6-T
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in the shallow iquifer it EPA monitor wells EPA02 ind EPA03 located
downgrndient of the Het Hell Area and red/yellow water trunk aewerline.
As shown in Fig. 4.4-2, these wells are located immediately adjacent to
the area of Pond 13 in which red water aeepage hit occurred, No
contamination waa obaerved in GH22 or GH22D during tht 1985 ttmpling, and
no nitroaromatici wtre obterved in these wells during the April 1986
Phue II RI. Aa ihown in Fig. 4.4-2, no nitrotromitic contamination wit
detected in the new monitor well (GH49) thit wn installed in the ihillow
iquifer northeast of Pond 12.

The levels of nitroaromatic contaoinanta observed in April 1986 sampling
are lower than the concentrations reported during the Phaie I RI (ESE,
1986d). For example, the 2,4,6-THT concentration in EPA03 was 3,000 ug/L
in April 1986; in 1989, the level wss 21,000 ug/L. Dtcrilted levels of
nitroaromatici also were observed for EPA02. The decreased levels in £$
these welli during April 1986 may be attributable to difftrencet in
hydrologictl regimes. The 1985 aampling occurred in January (winter),
and the 1986 sampling occurred in the spring (April). Additionally, the
lower levels may be due to dilution by surface runoff, It was very wet
during the April 1986 sampling, ind i Urge tmount of surface runoff wai
occurring. The grouting around EPA02 tnd EPA03 is cricked ind
deteriorating; therefore, turfict runoff is not prevented from leaking
into the ground witer around the cuing.

Based on the spatial distribution of nitroaronatlc contaminant
concentratione shown in Fig. 4.4-2, the contaminant plume appeirs to bt
confined to the immediate vicinity of the two wet wells at the Pond 13
irti. Previous studies in this area (HU8, 1983; ESE, 1986d) confirmed
thit contaminant migration from the ihillow aquifer wn occurring in tht
tetp irti into tht aurface wittr of Fond 13, Tht highly conttmlnttad
ihillow iquiftr in the vicinity of the Het Halli ii upgrtdient of Pond
13. At deicribed in the inititl Phue I RI (ESE, 1986d), them R3f)tl667
concentrationa of nitroaromatici in Pond 13 ire greitttt in the vicinity " * L_
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of the seep and decrease to low levels in the central and eaitern
portion! of the pond. The observed decrease in concentration is
presumably due to dilution, photolysis, ind/or biodegndation.

The predominant sources of the high concentrations of nitroiromttict
observed in the shallow ground water in the vicinity of Pond 13 are
contaminated sediments along the tewer trunkline, contaminated subturfict
soils along the bed of the trunk aewerline, and/or the tedimenti of tht
Het Hells. The Phase I RI confirmed the exiatence of copuninattd
residues in the sewerlines ind lubsurface soils along the trunk
sewerlines. The sediments of Het Hell No. 1 (HI) hive been sampled

^'' twice—once during the Phue I RI (ESE, 1986d) ind again during the
reactivity aampling progrim. The Phase I RI sediment samples showed low
levels of nitroaromatici, The aediaent samples collected in September

/*"N 1985 during the resctivity progrim, however, showed high levels of
I ̂""̂  2,4,6-TNT (4,240 ug/g). Theie ssmples were collected it t greater dtpth

thin previously ssmpled, During sediment coring, i strong nitrotromitic
odor was apparent. Only 2,4,6-TNI was quantified analytically during the
reactivity program. Based on this high level snd the upgrtdient
location, the aediments of Het Hell No, 1 may be the principal
contributing aource of nitrotromatic contaminants to the ihillow ground
witer iquifer ind the Pond 13 teep.

(j Given the uncerttinty of ground witer flow direction beyond the immtdiatt
vicinity of Pond 13, additional monitor well intttllition waa couiidered
to provide additional information to refine the ihillow ground water flow
gradient ind to fully define the extent of contamination.' Hhilt it would
be helpful to expend the trill covenge of monitor welli in thii arta,
the exitting ditt bite hai adequately defined the tourcti of contamin-
ation, tourct ttrtngth, ind limit of contamination. Sinci sufficisnt
dtti exist for the purpoies of the PS (ind my potential rieidlil action,
if necetsiry), further inveitigation wai deemed unnecetiary. -,x«i efO

AR3040DO
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Particular attention waa given to the low leveli of nitroaromatici
observed it Hell GH48D, lince thii well it icreened in the gliciil
outwuh uted is i potable tource in the surrounding area.

As shown in Figure 3.5-1, cress section E-E' shows that a shallow sind
liyer wu encountered it approximately the lime elevation aa the
contaminated ihillow iquifer preitnt it the EPA welli and Hell GH23S.
The well log for GH48D indicatei that the und at thii inttrvtl wn t
dirk griy, fine-grtined clayey iind with approximately J percent gravel.
Thit land wit titurtted; its thickness wu 3 ft. The und iquifer
present it the EPA wells wu i medium- to coarse-grained brown sand.
Given this substantial difference in Hthology, it was concluded that the
aand present st GH48D wss discontinuous and was not part of the shallow
aquifer at Pond 13, As such, it seems unlikely that the iaolated sand
unit at GH48D would be contaminated such that this Isyer could account
for the observed contamination st GH48D,

It is interesting to note that the contamination pattern observed at
GH48D in the April 1986 and Auguet 1986 ssnples ii remarkably similar to
thst observed at GH45D, In April, the sample contained 1,3-DNB
(0.9 ug/L) and 2,4,6-TNT (0.08 ug/L); total nitroaromatics concentrition
vis 1 ug/L. In August, the DKB vslue increited to 8 ug/L, wheriti tht
2,4,6-TNT vilut decreited to below the detection limit, Tht remaining
conttitutnti wtrt btlaw the detection limici in both ssmpling rounds.

Tht concentrationi of nitroaromatici obaerved in the Auguit iimplei in
GH45D ind CH48D could be indicative of in analytical error; howsvir,
analytical procedures were thoroughly reviewed ind no trrort wtrt
detected.

AR30I»669
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The nature of the shsllow sand layer indicates that it is unlikely to be
the source of the contanination observed at GH48D, The analytical data
are considered valid, However, the gray clay confining layer is present
it Pond 13 and is of adequate areal extent and thickness such that
vertical contamination should not be likely.

Hster levels measured in the Phase II survey show thst a minor upward
gradient exists; water levels at the EPA wells are 1.5 ft lower than the
observed water levels in CH22D snd GH48D. This upward gradient would
serve to further minimize the potential for vertical contaminant
migration.

Nitroaromatic contaminants were never detected in GH22D or GH22, which
are completed in the lower and upper portions of the deep aquifer. These
wells are located in proximity to .the wet wells; if contamination was
preaent in the deep aquifer, it is likely that nitrosromatics would have
been present in these wells,

An additional ihallow monitor well, GH43, was initalled adjacent to GH12D
in the northern portion of the TNT Manufacturing Area (fig. 2.1-3).
Analytical results revealed the presence of low levels of 2,4-DNT and
2,4,6-TNT (App, C), The ground water elevation and contaminant leveli
were contlitent with the levels observed elsewhere in the TNT
Manufacturing Area.

RR30t,670
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5.0 SUMMARY AND CONCLUSIONS

Thii lection aummsrises the principal findings of the supplemental RI tnd
it orgsnUed by ires of concern within the second operable unit.
Contaminant aourcea are identified, and observed levels of contamination
ire indicated. Contaminant extent and migration potential art diicutied,

5,1 ACIDS AREA/YELLOH HATER RESERVOIR
1, Contaminant tourcta were identified in the Phut I survty and

include the sediments of the Yellow Htter Retervoir snd
contaminated toil in the vicinity of the neutralization chamber.

2, Nitroaromatic contamination exists in the shallow aquifer. The
contamination ii limited .in trill extent,

3, The griy city confining layer ia pretent at the Yellow Hittr
Reservoir snd acti AS an effective barrier to verticil
contaminant migration.

4. The contamination detected in the deep aquifer in April 1986 wu
•ttributed to ihillow iquifer contamination being carried into
the deep iquifer during drilling. The data obtiined during the
time-teries ssmpling of CH27D tnd the resampling of GH36D
confirmed thii theory.

5. Ground water flow direction in the ihillow aquifer ii to tht
weit; ground water flow in the deep aquifer ii to the north.

5.2. RED HATER RESERVOIRS
1, The tource ttrtngth of the ttdimenti of Pond 1 ind Pond 2 wu

rtfined through the umpling and analyiii of deep tedimtnt
coree. Low levels of nitrosromitict wtre detected in iivtril of
the deeper itdimtnt itmpltt.

2. Nitrotromatic contamination wai detected in the ihillow ground
wittr it Monitor Welli GH30, GH45, GH46, GwAf»2l(ltx&7'|t
SHH6, located at SR 62, the contamination ia preient at very low
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leveli (0.2 ug/L 2,4,6-TNT); the downgradient limit of
contamination is projected to occur at or immediately west of
SR 62.

'. 3. The gray clay confining layer is present at the Red Hater
, . Reservoirs and acts as an effective barrier to vertical

contaminant migration.
4. The apparent low-level contamination detected in the deep

aquifer in 1986 is attributed to shsllow contanination being
carried into the deep aquifer during drilling. The date
obtained during the tine-series sampling of GH27D and the
resampling of GH36D support this theory.

5. Ground wster flow direction in the shallow iquifer it to tht
northwest; ground witer flow in the deep aquifer it expected to
hive i northerly component,,,o

'• 5.3 POHD 13/HET HELL AREA
1 1. The highest levels of nitroaromatici (principally 2,4,6-TNT)
; occur in the ihillow iquifer downgridient of the Het Hell Arei
I ind red/yellow witer trunk itwerline.
I 2. The contaminant plume tppeirt to be confined to the immediate
| vicinity of the two wet wella it the Pond 13 area.
| 3. The ihillow land iquiftr ippttrt to be aretlly limited and ii

bounded by clay-dominant sediments observed at GH48D to the
north ind GH22D to the eait.

4. The gray clay confining layer ia preaent it Pond 13 ind ictt ai
an tffective birrier to verticil migration.

; 5. Bated on the witer leveli metturid in the RI (ESE, 1986d) ind
tupplimentil RI (ESE, 1986a), itientitlly no diriction of
ground wittr flow cm bt tttibliihed for the ihillow aquifir.

6. Tht hydraulic haad obttrvtd in tht dttp monitor walls it higher
thin thoit obierved in the ihillow aquifer, further

„„. tubitintiiting tht conclutlon thit vertical
\^ migration at Fond 13 it unlikely.

5-2
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7. Although the aubittntiil clay dtpoilti below the contaminated
ihallow aquifer ihould constitute an effective barrier to
downward contaminant migration, low levels of nitroaromatici
wtrt observed in the deep iquifer it CH48D.

8. The contamination obitrved it GH48D appeara to bt an isolated,
localised occurrence.

AR30l»673
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Table A-l. WOHMonitor Hell Developwnt Data-Installation and Development Datei, Static Hater
Level, aid Net Fluid loos During Drilling

. Static Hater Levelt Net Fluid
Hell Before After Lett During
Destg- i_____Dates*______ Development Development Drilling
nation Installation Development (ft) (ft) (gal)

Phase I Monitor Hells

GUI Oct. 24-25 Nov. 8, 10 43.73 44.3 39
CW3 Oct. 25 Oct. 30 8,6 7.5 23
GH4 Oct. 21-22 Oct. 30 17.7 17.9 35
CW, Nov, 26-27 Dec. 10-11 14.9 14.2 48
GH6 Nov. 6-7 Nov. 13 13.2 13.5 20
GH7 Oct. 29-31 Nov. 14 45.4 46.5 60
GW8 Oct. 29 Nov. 3-Dec. 13 19.1 18.4 30
Ofl Oct. 27 . Oct. 31-Ncv. 17 17.5 16.5 26
CW9D Oct. 26-27 Oct. 31 26.4 27.0 37
GW10 Oct. 16 Oct. 21 22.1 21.8 20 ,<
GH10D Oct. 15-16 Oct. 22, 24 32.6 32.4 ' 55
GH11 Oct. 17 Oct. 25 27.1 27.0 28
GH12D Oct. 19-21 Ncv. 12-13 25.0 25.1 85
GH13 Oct. 21-22 Oct. 27 13.7 17.2 115
GH14 Oct. 19 Oct. 21 23.4 23.9 25
GH15 Nov. 13-14 Nov. 15 19.3 19.6 0
CH16 Oct. 24 Oct. 27-29 11.5 11.9 150
GH17 Oct. 24 Oct. 29-Dec. 14 16.3 16.4 0
GW18 Nov. 15 Ncv. 16-17 7.9 ' 7.7 70
GH19 Oct. 18 Oct. 24 24.3 24.3 31
GH20 Oct. 18 Oct. 31 31.3 31.2 33
GW21 Oct. 25 Oct. 30-Nw. 26 8.8 10,6 100
GH21D Nov. 7-8 Nov. 8-11 Flowing Hewing 50
CH22 Oct. 13-14 Oct. 19 1.7 1.6 47
GH22D Oct. 8, 12 Oct. 17, 21 Flowing Flowing 40
CH23S Oct. 30 Nov. 6 5.7 5.8 25
qW23I Oct. 30-31 Ncv. 5-6 6.8 6,4 70

.'GH24 Nov. 1 Ncv. 5 13.1 13.2 60
005 Nov. 11 Ncv. 14 20.4 20.6 18
GH25D Nov. 8, 11 Nov. 14 38.9 39.4 26
W26 Nov. 2 Nov. 5 17.5 17.5 0
CT27 Oct. 20-21 Oct. 25 14.3 14.5 325
GH28 Nov. 2 Ncv. 7 12.8 12.9 65
W29 Oct. 16-17 Oct. 26 38.1 38.1 150
GW30 Oct. 18 Oct. 26 32.2 32.2 p,DOrPli677
(Ml Oct. 17-18 Oct. 26 33.8 33.8 RnO2B04UI .„
GW32 Oct. 19-20 Oct. 27-Oes. 20 10.2 11.80 300

A-l



D-HVOH-RI-SUP.I/VTBA1.2
11/09/86

Table A-l. HVOH Monitor Hell Developjent Data-Installation and Development Datei, Static Water
Level, and Net Fluid Loss During Drilling (Continued, Fage 2 of 2)

Static Hater Levalt Hit Fluid
Hell Before After Loss During
Deiig- _____ Dates*_____ Developient Dsveloptent Drilling
nation Imtallation Developwnt (ft) (ft) (gal)

Phase I Monitor Hella (Continued)

GW32D Nov. 29-30 Dec. 11 14.2 13.6 34
GH33 Dec. 1 Dec. 12-20 10.3 9.3 5
GH34 Nov. 14 Nov. 16 21.0 20.2 125
GW34D Nov. 12, 14 Ncv. 16 28.3 32.0 60
GH35 Oct. 31-Nov. 1 Nov. 8-11 2.9 3.6 200
CW36D Nov. 27, 29 Dec. 11 30.8 20.4 54
GH37 Nov. 12-13 Nov. 15-Dec. 20 25.4 24.8 75
GH38 Nov. 5-6 Nov. 9-0ec. 14 3.2 1.9 125
GH39 Nov. 6-7 Nov. 13-15 3.3 4.1 75
0*0 Nov. 16 Nov. 18 26.4 26.8 70
C*OD Nov. 16-17 Nov. 18 27.0 28.1 0
0*1 Nov. 3 Nov. 7 14.0 14.0 75
0*2 Nov. 8 Ncv. 15 17.8 15.5 75

Phase II Monitor Helli

GW27D Mar. 30-Apr. 1 Apr. 3 16.4 17.0 324
0*3 Mar. 12 Mar. 19 20.0 20.1 44
0*4 Apr. 2 Apr. 4 14.0 14.0 50
0*5 Mar. 16-17 Mar. 20 42.5 42.5 69
0*5D Mar. 13-16 Mar. 20 45.6 46.6 169
0*6 Mar. 17-18 Mar. 20 42.1 42.2 70

1C' 0*7 Apr. 2-3 Apr. 5 49.9 50.4 80
0*8D Mar. 21-23 Mir. 25 7.3 7.3 218
0*9 Mar. 18-19 Mar. 21 8.6 8.7 85

*Phsse I wells were instslled and developed in 1934; Phase II wells were installed and developed
in 1586.
tWater leveli measured frog top of casing.

Sources; ESE, 1986s, d,
(\R30Ho7B
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Table A-2. HVCH Monitor Well Develonnent Data-Fluid in Well Prior to Develornent, Wall Dipth,
Screen Length, and Stlckup

Fluid in Well Hell Depth- Well Depth-
Hill Prior Co Top of Casing Screen Top of Casing to
Desig- Development (gsl) to Bottom of Ldngth Top of Sedinent (ft) Stickup
nation Cosing Annulus Screen (ft) (ft) Before After (ft)

Phase 1 Monitor Hells

GH1 39.0 9.0 92.2 15.0 91.2 92.2 2.5
GH3 14.5 15.4 31.0 15,0 29.9 30.8 2.5
CW4 20.2 15.4 43.7 15.0 48.6 48,7 2.15
GW5 34.5 21.6 69.4 14.5 63.6 69.0 2.4
GH6 21.7 25.7 46.3 15.0 46.2 46,3 2.5
GH7 28.5 20.5 89.5 15,0 87.6 89.7* 2.5
GW8 12.0 19.0 31.7 15.0 30,75 31.7 2.5
GW9 9.0 9.0 36.5 15.0 36.1 36.2 2.3
GW9D 38 15,4 85.0 15.0 85.0 85.0 2.3
CHID 12 7.6 33.8 15.0 33.3 33.6 2.2
GW10D 39 15.4 92.4 15.0 91.2 91.5 2.5
GW11 9.0 12.0 39.5 15.0 39.5 39.5 2.5
GW12D 48.0 10.0 97.0 15.0 91.9 97.1* 2.5
GW13 18.8 29.6 42.5 15.0 41.2 42.1 2.5
GH14 11.9 7.6 35.0 15.0 34.8 34.9 2.6
CW15 4.8 15.4 26.6 10.0 26.7 26.5 2.
CH16 4.1 7.7 17.8 5.0 17.4 17.4 2.
GW17 9.0 14.2 29.5 15.0 28,6 29.1 2.
GH1B 5.6 15.4 16.6 10.0 16.3 16.8* 2.
CH19 6.5 9.0 34.0 15.0 33.7 33.7 2.
CH20 8.4 9.0 40.3 15.0 '40.4 40,4* 2.
GH21 7.8 8.4 23.2 10.0 27,9 29.0t 2.
GN21D 40.8 20.6 62.2 15,0 62.3 62.4* i.
GH22 46 15.4 73.1 15.0 68.6 72.2 2.
CW2ZD 70 15.4 108.3 15.0 106,8 106.9 2.
CH23S 37 58.3 17.0 10.0 16.3 17.0 2.5
GW23I 66 104 27.0 15.0 25.5 26.8 2.5
GH24 43.5 68,5 26.5 15.0 26,5 26.6* 2.5
GH25 7.0 20.6 31.5 15.0 31.1 31.2 2.5
GH25D 15.0 21.6 62.5 15.0 61.8 61,9 2.5
CH26 4.9 26.0 25.5 10.0 25,4 25.2 2.
GW27 17.4 15 41.0 15.0 40.5 40.8 2.
GW28 44.7 70,5 26.5 15.0 26.1 26.2 2.
GH29 6.4 10.0 47.9 15.0 46.8 47.7 2.
000 4.0 7.0 38.0 10.0 37.8 37.8 2.
GH31 9.8 15,4 49.0 20.0 48.9 48.9 2.
GW32 19.8 26.8 40.5 15.0 39.3
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Table A-2. HVOH Monitor Well Development Data-Fluid in Hell Prior to Develcprent, Hell Depth,
Screen Length, and Stickup (Continued, Page 2 of 2)

Fluid in Well Well Depth- Well Depth-
Hell Prior to Top of Casing Screen Top of Casing to
Desig- Development (gal) to Bottom of Length Top of Sediment (ft) Stickup
nation Casing Amulm Screen (ft) (ft) Before After (ft)

Fhate 1 Monitor Walls (Continued)

GH32D 35.4 20.0 68.5 15.0 67.5 68.2 2.5
GH33 9.6 15.0 25.0 15.0 25.0 24.8 2.5
GH34 9.8 20.4 37.0 20.0 36.0 36.9 2.5
GH34D 60.5 25.7 116.5 15.0 120.9 115.3 2.5
GH35 28.8 45.3 47.0 15.0 46.2 47.51 2.5
CH36D 40.5 20.1 95.0 15.0 91.2 94.6 2.2
GH37 6.3 15.4 35.0 10.0 32.8 34.4 2.5
GH38 20.8 20.6 35.0 15.0 33.4 34.8 2.5
GH39 25.7 18.9 32.5 20.0 31.5 32.2 2.5
(MO 8.8 20.1 39.9 15.0 39.6 39.8 2.6
GH40D 43.0 26.0 93.0 20.0 88.8 91.4 2.5

': Ofil 47.2 74.4 28.5 15,0 28.4 28.5 2.5
••-' CW42 6.0 20.6 26.8 15.0 27.3* 27.0* 2,5

EFA01** NA NA 13.0 5.0 KA HA 3.92
EPA02 K\ HA 10.5 5.0 NA KA 3.50
EPA03 KA NA 12.33 5.0 K\ NA 3.00
EPAft HA KA 24.0 5.0 NA * 4.00

Phase II Monitor Hells

GH27D 57.2 13.5 104.7 15.0 102.8 102.8 2.2
CWW 12.2 11.0 37.2 15.0 37.2 37.2 2.2
GH44 15.0 11.8 37.2 15.0 37.0 37.1 • 2.2
GH45 9.9 9.0 57.2 15.0 56.6 57.3 2.2
GH45D 40.3 13.6 106.2 15.0 107.4 107.4 2.2
<M6 9.9 8.9 57.2 15.0 56.8 57.1 2.2
GH47 10.4 9.4 66.2 15.0 65.8 66,1 2,2
GW8D 65.4 17.0 109.2 20.0 . 107,5 107.7 ' 2.2
GH49 > 18.0 12.7 36.2 15.0 35.9 36.1 2.2

* Measurenmt errors of <0,2 ft due to difficulty in sounding walls to determine sediment
thickness.

t Probable meaiunment error by field personnel,
**EPA wll construction details are included for ccopsrison purposes.
NA-Not applicable.

>ns Sources: ESE, 1986a, d,
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Table A-3, WVOW Monitor Well Development Data—Required Volume, Quantity Removed, Tine for
Removal, Type of Pump Ufcd for Development, aid Phyaical Characteristici of Hater
Before and After Developient

' Well Required Quantity Type of Pump Phyaical Characteristics of Hater
Desig- Volume Removed Tine for Vied for Before After
nation (gal) (gal) Removal Develojnent Dtvelopnsnt Development

GW1 435 1,641 3.2 hr Submeriible Turbid/red lilty Slightly turbid/
solids red sility wlidi

GW3 210 320 1.1 hr Centrifugal Turbid/red-brown Clear
suspended solids

CM 353 375 1.3hr Submeriible Turbid/gray lus- Slight turbidity/
pended wilds trice suspended
end sediment > wilds

GW5 520 603 1.4 Iff Submersible/ Very turbid/gray Slight turbidity/
Centrifugal lilty impended gray lilty tolidi

tolidi
C* 337 374 2.0hr Subneriible Turbid/brown silty Clear/trace sus-

lutpended tolidt ptnded tolidi
GH7 545 823 3.4 hr Subneriible Turbid/gray lilty Clear/ fine gray

solid! lilty solids .
GH6 305 300 8 dsys Centrifugal Turbid/light brow Clear "

lilty impended
solids

CH9 220 226 6 dsys Centrifugal/ Very turbid/light Turbid/grey lus-
Subtoenible gray impended pended solids

wilds
CH9D 452 632 1.3 hr Subneriible Very turbid/gray Leu turbid/gray

tm pouted lolidi luiMndd Mlidi
OHIO 198 300 1 hr Centrifugal Very turbid/red- Clear/slight red-

brcwn luipended brown suipended
solids solids

GW10D 547 920 2.0 dsys Submersible Very turbid/gray Less turbid/gray
luspendad tolida impended solids

GHU 245 920 1.9 hr Submersible Very turbid/red- Claar/ilighC rtd-
brcwn impended brow suspended
solids solid!

CH12D 715 1,008 2.0 days Subneriible Very turbid/red- Clear
gray silty solids

CW13 817 840 2.5hr Sutaersible Highly turbid/ Clear
brown very silty
lolidi

GH14 222 250 1 hr Centrifugal Very turbid/red- Clear/trice of
brown suspended red-brown
lolict stttltibles

GH15 101 231 1,2 hr Suboeriible Very turbid/red- Clear

GH16 810 820 3 diys Submersible Very turbid/yel-
low-brown stlty
wilds
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Table A-3. HVOH Monitor Will Developient Data-Required Volume, Quantity Removed, Time for
Removal, Type of Pmp Used for Developient, and Physical Characteriatics of Hater
Before and After Developient (Continued, Page 2 of 4)

Wsll Required Quantity Type of toy Biysicsl Chsracterlat its of Hater
Deiig- Volume Removed Time for Used for Before After
nation (gal) (gal) Removal Development Development Dnelopasnt

GW17 492 495 27 days Centrifugal Very turbid, dark Clear
bram, silty

CH18 455 455 2.0 days Centrifugal Very turbid/red Clear
silty suspended
solids

GW19 235 525 1.8 hr Centrifugal Very turbid/red- Clear/no visible
brown impended solids
solids

GH20 250 530 1.3 hr Submersible Very turbid/red- Clear
bram suspended
wild!

CH21 397 314 14 days Centrifugal Very turbid/gray Slightly turbid/
suspended solids jray impended ,

tolids
CH21D 557 2,440 3 days Centrifugal Turbid/gray-bcom Slightly turbid/

impended solids gray-bran fines
GW22 542 570 3.0 hr Submersible Very turbid/gray Clear

impended solids
GW22D 627 2,120 2 dsys Centrifugal Very turbid/gray Clear/slight

impended solids gray suspended
solids

CW23S 220 323 0.5 hr Centrifugal Very turbid/red- Clear
gray impended
solids

GW23I 551 680 1.8 hr Centrifugal Very turbid/gray Clear
impended tolidi

GW24 412 440 . 0.8 hr Centrifugal Very turbid/red Clear ,
impended solids

CW5 230 430 1 hr Submersible Very turbid/red Clear/slight red
impended tolids impended solids

CW25D 313 623 1.4 hr Submersible Very turbid/red Clear
impended tolids

GH26 39 198 0.5 hr Centrifugal • Very turbid/red Clear
Bmpcndfid lolidi

CH27 1,787 2,340 2.0 hr Centrifugal Very turbid/red- Clear/alight
brown impended yellow tint to
tolidi wuer

CH28 440 509 0.9 hr Centrifugal Very turbid/red- Slight cloudy

, J GH29 832 900 1.5 hr Subneriible Turbid/brow Slightly turbid/
**~* lilty solids yellow-brown

solids
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Table A-3, HVCH Monitor Hell Development DiU-Required Volute, Quantity Removed, Tin for
Removal, Type of Pump Used for Development, end Phyaical CharacterUtics of Hater
Before and After Developrent (Continued, Page 3 of 4)

Hell Required Quantity Type of Pimp Phyiital Character lit its of Hater
Deiig- Volume Remved Tine for wed' for Before After
ration (gal) (gal) Removal Development Development Development

CW30 55 300 1.0 hr Submersible Very turbid/brow Slightly turbid/
lilty solids; land light yellow

GHJ1 1,126 1,200 2,0 hr Submeriible Very turbid/brown Slightly turbid/
lilty solids brown silty

solids
CK32 1,740 1,197 22 dsys Centrifugal Turbid/slight Clear

brown impended
solidi

CH32D 448 600 1.5hr Submersible Turbid/gray aw Clear to groy-
pended tolidi cloudy

CW33 148 149 5 days Centrifugal Turbid/red lilty Slight lilty
impended solids impended solids

CH34 776 927 1.7 hr Submersible Turbid/brow silty Clear /
impended solidi (.•

CH34D 735 832 3.5 hr Submersible Very turbid/brow Slightly turbid/
silty impended brow suspended
solids solidi

GH35 1,245 1,300 3.0 days Centrifugal Very turbid/gny Clear
suspended solids
tnd sediments

GH36D 573 805 1.9 hr Suboersible Very turbid/griy- Slightly turbid/
brown silty tolidi gray-brown solids

GH37 290 290 11 dsys Submersible Turbid/gray iu- Gray impended
pended solids solids

GW38 832 840 12 days Centrifugal Turbid/gny sui- Clear
pended solids

GH39 598 865 2 dsys Centrifugal Turbid/brown silty Clear
solids

CWtO 495 855 1.6 hr Submersible Very turbid/red Clear
impended tolUi

GWOD 573 769 8.0 hr Submersible Vary turbid/gny Clear/light
silty impended turbid gray lilt
solids

(Ml 497 8H> 1.0 hr Centrifugal Very turbid/red Clear
impended solid!
end tsdimsnt

(M2 510 936 1.8 hr Subnersible Very turbid/red Clear/alight red
upended tolidi silty residue

RR30l»683 0
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Table A-3, HVOH Monitor Well Development Data-Required Volune, Quantity Renoved, Tine for
Removal, Type of Pin? Used for Development, and Physical Characteristics of Hater
Before and After Developient (Continued, Page 4 of 4)

Hell Required Quantity Type of Pmp Physical Characteristic! of Water
Desig- Mure Reamed Tine for Used for Before After
me ion (gal) (gal) Removal Development Development Development

27D 2,447 3,945 8.8 hr Submersible Turbid, organge Clear
color, heavy sus-
pended solids,

43 336 368 55 min Centrifugal Turbid, strong Very slight sus-
brom, heavy aus- pended solids,
pended solids, clear,

(.: ' 44 383 384 1.1 hr Centrifugal Turbid, strong Very alight sm-
brcwn, moderste pended tolidi,
suspended solidi, clear,

45 440 510 51 min Submersible Turbid, strong Very low lus-
,_.̂  brow, heavy sus- pended solids,

"• pended tolidi. yellowish color.
( —'' 45D 871 1,060 1.8 hr Sutaersible Turbid, very heavy Very low im-

impended solids, pended solids,
dark gny, clear.

46 444 600 1.0 hr. Submersible Turbid, heavy sm- Slight turbidity,
pended solids, strong brown,
strong brown, moderate im-

pended solids,
47 334 494 1.1 hr Submersible Turbid, heavy sm- Slight turbidity,

pended solids, yellowish color,
orange.

48D 797 1,495 5 hr Subnersible Turbid, dark gray Slight turbidity,
to brown, heavy yellow impended
suspended solids, solidi,

49 578 843 1.8 hr Centrifugal Ver turbid, heavy Very slight
impended solids, turbidity, very
strong brown. low impended

solids.

Sources: ESE, 1986a, d.

O AR30t*68l|
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Table A-4. HVOH Monitor Well Developient Data-Temperature, Conductivity, and pH

Hall Temperature CO Conductivity (mhos/cm) ______[H_______
Designation Before* During* After* Before* . During* After* Before* During* After*

Phase I Monitor Hells

GUI 12.9 13.5 13.2 13.0 456 477 449 426 9.0 8.1 7.0 6.9
GH3 13.7 13.4 13.4 13.3 940 1,390 1,497 1,519 7,2 6.9 7.0 6.9
GH4 13.3 13.4 13.1 13.1 697 1,051 1,162 1,125 7.4 6.7 6.7 6.7
GW5 13.0 13.8 14.1 13.4 253 221 219 221 9.0 7.7 7.7 7.5
GH6 11.6 13.1 11.2 12.8 461 433 431 439 7.2 6.9 7.0 7.0
GH7 12.9 13.4 13.1 13.7 614 636 588 528 12.5 7.6 7.2 7.2
GHB 12.5 12.7 14.4 15.7 594 621 578 560 6.9 7.2 7.3 7.0
GH9 14.1 13.0 12.5 11.9 527 822 790 772 7.3 6.7 6.9 7.1
GH9D 13.0 12.8 12.8 12.9 263 252 251 250 8.2 7.5 7.5 7.4
OHIO 14.9 14.3 13.8 14.2 355 246 226 206 7.8 7.3 6.0 5.6
GH10D 13.9 13.7 13.3 13.1 12,870 278 277 270 12.3 9.4 6.5 6.1
GW11 13.4 12.7 12.8 12.6 176 156 154 154 6.1 5.7 5.5 5.4
GH12D 12.2 12.6 11.7 12.8 446 287 239 234 10.5 10.0 9.4
GW13 13.5 12.9 13.0 13.0 245 153 135 139 7.5 5.9 5.9
GH14 15.1 15.0 15.1 15.0 355 195 187 193 6.6 6.6 5.6 5.6
GH15 12.4 13.1 13.1 13.0 237 187 187 185 5.7 4.8 5.4 5.3
GH16 17.0 15.0 16.0 15.0 250 162 161 161 6.6 5.5 5.3 5.0
GW17 15.0 14.2 15.1 16.5 223 81 176 255 6.5 6.3 5.6 5.8
GW1B 13.4 13.7 14.6 14.9 271 101 101 99 6.5 6.5 5.5 5.8
GH19 15.0 14.1 13.9 13.7 303 293 269 262 6.0 5.8 6.1 5.5
GH20 13.0 12.6 12.5 12.6 181 138 130 136 5.7 5.4 5.4 5.4
GW21 14.2 13.2 17.5 15.3 483 573 537' 330 6.7 6.9 7.2 6.8
GH21D 12.0 12.1 11.9 12.5 200 200 202 211 6.6 6.1 6.3 6.4
CW22 14.7 14.5 14.4 13.6 295 238 199 205 9.3 8.8 8.3 7.9
GW22D 18.2 14.1 14.1 15.2 2,260 184 181 178 11.2 8.3 7,3 6.8
GH23S 14.6 15.5 15.6 15.6 152 172 164 158 5.9 5.8 5.7 5.7
GH23I 14.4 16.5 17.0 16.9 377 202 155 138 6.6 5.8 5.6 5.4
GW24 t t t t 230 64 56 49 6.2 5.6 5.3 5.2
GW25 12.3 12.5 12.5 12.5 333 81 67 60 8.7 7.4 5.7 5.5
CH25D 12.6 12.6 12.6 12.4 238 ,102 92 86 6.9 6.2 5.9 5.7
GH26 14.1 13.9 13.8 13.6 112 53 41 39 5.5 5.1 5.1 5.1
GW27 14.8 13.6 13,5 13.3 181 145 142 141 5.8 5.3 5.1 5.1
GH28 13.3 13.4 13.4 13.4 96 69 58 61 5.5 5.1 5.1 5.0
GH29 16.0 14.0 14.0 14.0 310 247 250 240 5.6 6.3 6.4 6.5
CH30 15.0 13.3 13.0 13.0 230 151 154 162 6.4 6.1 5.6 5.6
GH31 15.0 14.0 13.7 14.0 240 170 170 168 6.8 6.5 5,7. - J,t
GH32 12.7 14.9 13.7 12.9 404 419 256 308 6.6 KB 34% 6 B
GH32D 11,6 11.8 12.2 12.0 2,460 220 205 195 U.S ltS 7TO '6;8
GH33 13.6 t 14.9 12.0 530 t 579 537 7.1 t 7.1 7.0,,.
GW34 11.7 11.9 11.9 t 168 300 351 t 6.4 5.7 5.8
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Table A-4. HVOH Monitor Well Developient Data-Temperature, Conductivity, and pH (Continued,
Page 2 of 2)

Hell Temperature CO Conductivity (uaWan)
DuringDesignation Before* During* After* Before* During* After* Before* During* After*

Phase I Monitor Hells (Continued)

004D 12.9 12.5 12.8 12.9 572 258 245 227 7.5 7.0 7.1 7.0
005 12.7 12.3 12.1 12.3 419 312 307 306 6.6 7.3 7.1 7.0
006D 12.7 12.9 13.0 12.8 5,500 302 245 229 12.4 9.6 6.3 7.4
007 12.8 11.3 12.5 12.3 339 361 364 391 6.4 5.8 5.9 5.9
008 13.5 13.4 14.1 18.1 345 321 286 244 6.7 6.8 7.5 7.1
009 14.4 14.1 14.2 13.9 273 283 290 286 5.9 5.8 6.6 6.3
0(40 12.0 12.5 12.4 12.7 222 201 201 200 -2.0 5.0 3.9 5.6
0*00 12.9 12.1 13.5 t 269 169 225 t 11.5 t 7.7 t
GW41 16.6 17.0 13.9 13.9 232 194 192 190 5.5 5.1 5.1 5.0
0*2 12.9 12.5 12.7 12.6 263 63 55 49 . 6.1 5.9 5.4 5.4

Phase n Monitor Hells

CH27D 18,5 20.0 19.0 19.0 325 145 140 135 10.8 6.8 6.1 6.2
0*3 14.5 13.8 14.7 14.3 088 073 075 074 5.9 5.3 5.3 5.2
GW44 18.0 18,0 18.0 18.0 285 125 090 100 10.0 , 7.5 6.6 6.8
0*5** 10.5 9.0 8,0 9.0 220 195 180 160 6.7 6.4 6.1 6.1
GHA5D 12.0 12.0 13.0 13.0 475 230 225 215 9.8 7.7 7.5 7.2
GW46 Olt 12.6 12,4 12.0 602 342 333 330 7.6 6.9 6.9 6.6
GH47 18.0 18.0 16.5 17.0 370 345 345 340 7.2 7.4 7.0 7.4
GH43D 14.0 14.5 16.0 175 125 130 130 130 7.3 6.9 6.9 7.0
«49 10.0 10.0 11.0 11.0 075 075 055 050 6.0 6.2 6.0 6.2

*Stage of development,
ttfct measured.
**Temperature readings suspect, Air temperature wss -2°C, discharge vis cooled as water pssied through
spproximtely 50 ft of hose at surface,

ttProbe malfunction,

Sources: ESE 1986s, d,

_ AR3IU686

A-10



APPENDIX B—PHASE II

HELL LOGS



NOTE; Copies in this appendix are the
best quality available,

Q . AR304688



ENVIRONMENTAL, SCIENCE
AND ENGINEERING, INC.

lalarLiml

Data

. __ fl-?\*' •tl.̂ ia t .•.(.if/t •THAr^A _________ Bering fto£_* Dt-_______ifc_ShiilJ_,or__
MJ >Vt̂ .' _____________L Tyrn<a»ln/̂ r̂ i/Ĵ . Big ̂ ./IĴ t. Ttai.
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;?-/.-• • >!'.,«.r.' i'.'7.*' •...•./•,.,' .. — i .;... ̂' '.,1,.. ,.-,.,.....•A a.i- /• .••. :-..«..;....?.....

la

-flftraff-.v../

B-9



• '
ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

s t Jib No,.

^

Cite
a_._*i

,>5ArWA^,/f B-I-,̂ /̂ "̂  y«/.if4 o-.'/»'̂
U l/OMJ TyMnfflnliM/flutflM̂ ftiilltla 0-A.H* --Ml.
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Vtî i". la*& tK-Oie >fjl̂ j*i /LŜ i.iAj: 1
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/ '. •;,.- . 'Dî .i.i .. • :-r ;'< ///.tt ,, . .••»'. .,

tar t^-t-
if ' ft do*'*- <Af*P,

/•/.!.-.

- 7)141*. <Atr>St4

• "PS/nut. <A*tfl.* Ut -U/.

jto -"}£ll.LSA n "!7*r' AJLitA I to I.*

lSf7: TSoifA. tfy.txft.tL

j:;:;::

_
Wio • "B^/--xa ^ I*' I &AU.* - ikc* •' '«. ____ *«__/* xî 1

tAM.fi.tt /4--1J. f' "'-l''f ''' '

4f/'JjO

iLLtLO i?> 1ff t/.AtLJn l*,ij tol-Ja

/t-OH'
. _,_.._ .... ^
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' ' /^ 58 - & POLO <>AttUi • ,

lifff- r.l-ttrlt/t.1} o.-r Hn LA TV A/I

m.j-
I7lo - Anata ,1/ttnit . usA.i.t*ui rtiUfr- / 7)touA. &A*itn « if1
I1*/F • /dfc.nn.Aĵ  a /Jut-TV utmut tLC-rJIl J t A* L-A.ttjLft

nf

AJ A. AST f\ ff/t*s ljJJPfZlt.fi. DQ JUtC J-

< / r-X

</-»» -

• "f>SiH,io n ~> T1 j tnuAA Het.it.

• . 0 On. A OĴ tA}/. -UJAt_O

|(, ^̂
Qf' jjÂ  LSiA lfDl.lt.

IQIO -dLLAULb HIT (JtuL TO gT* ' Tt>A/0

-Jo
if ivr

*to t̂ .-
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Sarlai »o. d»£-i -2"? ft if _________ SOS!

- Hdtt.a Q&Tun ttAufmtAtiA MIX. /u6u1t£6
l\1.o -I

n 7)
IISF ' - [U iV/Li '̂r£'~f.,k ALovr .<.&**, ftiit ffetiAAt. A/Lour

^ ffut-t-tLO
tt/Lf

tef* yvmtf f.ttiirk -TH in'

1350 . kJit.tJf m fULt+tt. uifrnut <~t-A)/c I fA/.fA-*jia Alt ft
-_̂ *̂ jĝ _̂ _2__̂ _jJ*i_ĵ Ê flrt3jCSk̂ _̂ _̂ .,̂ __»___________________
/Ri TUAilA m ./wAT-A-t. //? >iK V AjtAf.H A*l.*A*uA. -fL

it̂ J f~f A. i*to I A.
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ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

**flP i /

ei_.t USH-rn-nnft_________ Boring ̂ 7̂g_n.fa g/'_™f o-.i_A «i/g-

location ol Boring: {«< »wr >f <.•>•&>! • */•<-*« Cuing uMd__^S]n__-_Orllllng mud uMtwUutf
*/»_ M«« «/> MW.MI _V,ITA> Atsinui, it Bering lap- f/'*/gi .Boring oaalatad VI 'lit .

WltrnV Cwl^

TIM
Dili

H .

/

2.

llltftl fit 1̂  P— *y f, IfPlHUTi f**Ar*A lT.j/A*--jAsaJ(.

¥

*'(•?'

to-//.!'

i}

t \ir>u.f\
1

' \

jl s
.

/,o'

/•*'

/*'

1
1

61

(̂

OIFTH
INFin

" ".
: _
- :
• •
'. i

'~f~-•

1 •
: •
L _

"T :
{:
:
:

E— :
p* i
F.J3
|*_|
j

•- -3
- •=

• ' -„-.
,. , .-i /)_ •"J '-

31

.

BcempnoM
Soil typt, color, totut, coralstancy, tamplv driving mtM,
blowt pr root on cuing, cegtnt with Mttr Iwt, oBHrvtd
lluctuttlons in wtUr Imtl, netn on drilling tut, itc.

£AtJa<4 -AtA.1 m/~'9aZ. fift fAtsa •

£i.tli+fLv **• tti" ALLu \siuifJ.

'/?/Afi~>t-. ̂  r-iiee, li/tu . AJ'A A *

(IsLfl-'fif.tt -4A.IUJ1) AJ/.̂ .2a7. SĴ AJ, .-i

*t0o. ft.A»t'r/£.. î o'f _" .. î i * L/&. ifn.*t
j-^/tT-. AJ&Al fal. U itl utn •

r

/l)*ntt.t ffAOta GlJUJt. fAAfO alf~l»h
Jti _• , /i jf \f A/f. - LJf Al&*t*>AJ 4t&AJf '
'A \ar- 'PuJf n t" A.-B4-T: tAJlt̂ r*:
AJA.A • AlStrll 111 UtA..

.

(i'ffoALt £8M)A6 P/Juit CAAJUutlmflk
*<^tj-, 9 f Y */* - a-ItMiJ 'LAO* A* ̂
/!> if /I' lit /J :. Ur**ltJ n a« t/tf̂ JlJ italTDtH , '
)̂/»»- tLAlrti: LfrnH • ujtt.r*. ' i
'snAA.'' A-ii^J t/î iti*. ' . -, n n i ~nC
•L • • HHJU^/LlO

',»«.«*/

. :in

B-ia .... ̂



ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

Job(fe__J_____l_____ __. , A
eiu-i USArUAKA_________ Boring

uauon or Boring;
witar Level
H_L
Dtlt .}

Typt of Borlng__—__Rlg__
Cuing UMd___Slzt___ Drilling
Boring btgui______-.B«ln)catalilidl
GrasM BtvtUan__

Inicamaltl
.'rlrmd i

.DiaM

DIPTH
IN Soil typt, color, Mm, cmlttmy, ample- driving nolM,blows ptf foot an cuing, atptrs mto wttsr lost, oostrvM

fluctmUcnt In wittr Inil, now on drilling tut, tic.

s

\if-)/if I

AT'

— :
r -

/ItJlOU LJHfJtA tit Ait̂ AAjlt.
1-£__________j____.

<, tji-. If. <t A Uf
.i/-f* (>L&int.<* f-UJit, fAAOl *>//*/»:

- 01-
e ̂  ». __.„?.-*-.•

AAfrDJA £,A*t ft, nai
t*^ C/_f

a" »*. tAfift.̂ '. ff t a y/Yf»—• ^̂ fjfjfi

<//--• in Ifl !/</.

_; \AJa-n. - At L.jie. u ~.'l̂ Tft'rfffij'o?

8i,nM

B-19 ft<t̂ - __________ --4-0



ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

JtbNc,___________
Client_

Location of Boring;
•alarLavt
Ha.Dati

Typt of 8orlno.___—.Rig.
Cuing ussd——Sin——Drilling mud mtd___
Boring btgun Boring canon
Ground Elmtlon______rtf«nd la.

.Oituai

/o

S3-55I'

P7H
IN
Fin

rJ»-

- -

pBempncN ••
Soil typt, color, taturt, caralitancy, tMplm- driving notts,blows ptr foot on cuing, cfcjtfa mn wtur last, ooitrvtd
fluctuuiora In wit* lirvil, MM onpllllng ust, tie.

.-• £IA!u*s. gj.A 9̂/ti ̂ IAJ*. n_^__
("er: _*-

aa' fi i ** ' 'f* *J t / - Jif* JLAA.*f^

*̂ -« ĝ -̂
)>j A'Y_/_f Ẑ y_,W Mtsttt r~ f AJ^LA*

____±Q__

nw MltX-JLT 0. ÎSi^ntd .

Aoprovia
B-20



ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

Job No,.
en.ni tj£Arfrt>it*A________ Boring to,__LDila_2_i£_2__,Sh-l.i_ol/»-

Ollt

i _

K

if

If

n.ui-

jii

6#,3"

?0-lt<5

V7<VJ

j!

'

•

16 l&St.S''

•s

*v

^

i//
! |

'

i
•
^

i

?̂

^

IPTH
IN
Fin

"

•|

f<-•
-m
•f
^

10".
m

-,

"
-

If".

1 -i

" "3
f :.

*|HI ̂
' ' ' r •:

_- -,

3i

i

CCCHIPTIOH ,«,
Soil typt, color, tatin, cenlittncy, (Mplv driving notai,blows pw foot on cuing, diptfit v«n wiur Ittt, obMrvtd(luctuuicnt In wtiir Itvtl, noun on drilling tut, M.

|tfy*T " /+* i **-fij fill /̂ /-— *• tji/Att <T-t_i ,̂
•> «-,,--• — -l> y// . * I/' it A AST •

_1/'/ .. &i fi4t* • r

~Cni'*>a iftnOfn f.m- «.>x_u-yxur lLAji

titjto-uueiiv* ft Am. • f/f'r-n fî Ai, . lLofk."
4%.ASTt£.' So FT* f't̂ î . <Su£IAr tv X*ilr
yif^ff +t.A.'r.**nsĉ < A.IC.UIH ..__. '
*""

ZttrAAAlADiA 0Af **lt.Antj*~, * _*yx.4. MiiAIA

/jj /•«.«-)/). ** IT- rv *tr< - nk. ttAA.tr!

Ar _»_.«-' ,- L.A-Vt* Mf <*x4.i>_- /Li_*
L̂ Jf/at, rti.1" ',•**£ i//¥. OJt Vf\t,ttaffnmiÂ
if- \*jf̂  * 4f~'A*' * x£*»̂ .̂ -j f/ '̂  * '
'iJ4fV> ittk-OA . _*/«._>-._?_ »- if,f̂ jt.

tfrStVAttV A*.Ao£A &^AJ^ eUtfp _i /«ŷ t̂  jŷ --r
t.£VtTIU»Lr. nt.t ifj X_>j_jz>- A/» — -
ft,fril->t. , t •-* f t • /, , /,--', 'iflgff f&fT/ff
™u— AftltUt f(lÂ "a 0OAl'AATT~"
Afttti U itl tin. .

• npni, TflQ '• HliwUv/LIJ

ilgnto

____=



ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

Ptoitct uui/»M Typs of Borlng__—__Rlg_
UaUon of Soring:
Walar Lavil

Ostt

Cuing loed__Slrt__.Drilling mud uud__
Boring begun-*——-Boring cetBltlid—_____ , .
Ground BmUori_______rt(*nd la_____. ' »

.Oitum

a i! DIPTH
IN
Fin

OGCRIPTION
Soil typt, color, iMtin, conilsttncy, umplr ....blows pv foot on cuing, atptrs utin water loat, _
flucUttlcnt In witar Itvtl, notes on drilling tut, Me.

driving nottt,
lost, outrvtd

B-22



51C.
la rial Ho. Citu -4*7 h •$£ SHUT v

1/1ol9t _____.______________ * ut'fAftiAH
AJ?at) "AAAt if A, a A-- AjÂ tt) L.A6/*ttf»j .'HtjT'tif Alt. flAAtA^Ji

i . TiJt n/A. 9 * AAfi Kit *n 1* mo jr̂ x-ty y«*ni.y .
' •<"?).4('iZ-ijt/» n> c" l"£mt.iLio HULA *>-"/-/,—̂̂ ^̂ H*«̂ rf~B̂ iiA*̂ taî **̂ _̂ M~i—N̂ M̂**M*Ĥ MM̂ tâ M*â l̂ *«*—<••—̂ ——••̂ ——_̂ —̂ ~«̂ ^̂ ~̂*̂ ^̂ l̂̂ ^̂ ^̂ ^̂ ^̂ *~9 '

f?fl J» • 'biOll.t.Jtt fl ier / AAri _f/> /_*./ ̂ ^̂ J
VV* "i^AotfJi <!At,St.<t //>.'//.-,-'

oSft ' Aafijta eAtUL>4.*tMAt.64.A joif̂
TaT/f

I io>«a dtiAjA - /jjjd/f.i Ti/AJf J~f)'n*4 AASIAJL
9.0*

-̂AWf- 7>iif/t.L^a ft Hr'/AA,L̂ a l+*e.A______________±__/Vt«

loin'''bfltt.i.j.A a ig( /6A*i,to lArtt.ĵ  tyf-Jit
ion "f̂ AAif.<f <A*i/+M. !£>-!(,*•'________________,____________

rt Jf

1̂ 99" - fl-DDtn flA^/jJl. JH*st,AiL» 38/Aif-teft-i-t.fl i«!«r» - / CMa»-

ItSb ~fa,LL*f ft i/fl' /A/htjL* iM-/.
llm .IJjAi/t. ^A^»>t*

It*

*JjL&it>L.jLJ *a ft?>^ /Hfaî .A tint*

IT-0% ' 5/\Ajg (jtt.t̂ uLO .i/t /-we ifnt,*, l,£* ta â /?;--- a fae».tiAt_*

' ' (̂
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Sita_____V___c___
iortnsSo, &tA).l~IT> 7-T_______ SHnT_____—————

_sl_Jb

10.10 ' 'B-J/ti/jr, SAetAlA m fV'/TMtUAA n f<?* A.LA Item,

mf at. Air iHA*t 4J. T-ZX*— -
>A* it iff l>£e.tf£4 'ftl ill.* Arf/fJS.

/___
-Jto

1 1 /<)

/3y4- 7> Ajli/J, «A.*,fi.4, 60-£,!,**'
/3«T7 -

Hne.it, m Xy^ - 7->

Lhiu/ n if*t*Pi.l-r-t .iiX.t,,, K *ttLiit*,r£. fAiufA*
tt L*l*jtt Ar>̂ .,f*f fâ ft ,,/f>/l

f tAt Ar- «"-/' J, Attf /.UttlLu I-IMA. n

't
A-- tt-rX-/&jfiPAAA.6 T»
n "?/>'

1 1 • AtOJ.6 AAr/AJji - lAJA^DiC A -rtt/ur-/DA<i\tt.Ateit}L Tiff'
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-"!>*. ILL A_n -.
''" 02-i'V -flntfLO AJnifJf,, (. )m/ta ibiuf • Ltr- ujti A /t̂ n̂  /

• T>j9ttt.i£t n 8S'/ Zttn.J* i+ecit.______________/_|i»

alt'fAii.t.iL/l <- tin* f SAit-tH <__?.
. 7) _«//

,rt>

-nt
/________

//?,/ - "hfijii/t tA.f~StS /aO - tot.*"'
/-I1M

11.19 • g/ri_-t/l I*D ClL ____ -}_O
A /fe/t LvAJe^lA _____________________________

n tinu. * HfltA* 101 f
fill) - T?/yi<MJ f>LJ*njA U* 7l/f.

f tgl

Q-I&1 AAi,frt*fi
ut.

i.£. ft .t AIL
(Atlti 3--.,

Pu
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7 4

• • • • ' «****
S.AA.,

• iSTTB - Mix tti mi A S.iau-ruCiAai tltA£?tJJHJir.tAr.t.&s.'tjullttit.

lji' •'*.''' Ait.

*at X.ii* t A*LJ> i-in>A.lt, •'/->

ttl.A ' !>'''>- tt.' tlU'T- . t+KUJJ. J. / t i U J AV

.r' '/AJ tn*LLA*f)4*J A* A fAJ . ' •

J?X-TA>U ffuLLtAJA fltt. ĝ , -f1 A* '(Multt. ̂
'

n

'-Luii.Li itnu-r: / "4 At/A 0AffAj£.n fair •

. ff/AJU IprflOA. IT* ILrtt It&tJL* fftf*.. AjiAaAlfJ. 'aAOtt.*.
• f> .7--~7'- ff aAJ, '<-x'..» ' • . V
- 'S" QDniiit*. LfiAtiL AT- 'lUJur- •»£>' £/t** tti/tttfn*.

tM/Ul. OUT /if- IMLit' /XJ AL&jtO. •» m
'4 ft Mi -« JJA-rx/Xi/A.- ifi!lf/r*<m

,jt LiAi+rt / iHjja Hi t - tJitAn*. Df./L,. Aif m

\0 -'
Ck to-r tMltfti



stta 60 /o -*-
. Ho.

2.03.6 • fl.&Ai'f -!-.-- t. At I Mt fPAM. n £AA-a g.A»/xfg -Xiji-<
nt>ljui/u1* of M'lltAi JLtjnuAl* if. 11*1* C.A*rifotit **

- £A AjTJtlUtt T Art /tit
Air So'

1 - ffuL-Lta Aflft-M £f/.Mt fur tt AtKitltL •>- tm-trrLintA tAlviat
SLfflD - A/.AA) ~t>Ail/liJ(. gjbtitlt TJA&k. mm iHt-4.

,.i 4A10 - fiimut.it ntui/itij flt.itAlt n /oi.'- <l-/./̂ //-/> uf i
_______btiaiAJ Aiti <«/?,

QAjLL. /Atnt.
tfff̂ i -/t/^Au At.nAn.mJt. JAAtt-iAA. Hnut. <-i /el/
ŷ /o til. Ji.i,A.-

pî Lffi.. tA-Af* •'.'in*r~

" - " i t t > ̂  HAA* CA/UD ,
fffO - <ro

/Vf/J tt-UltA.

î>l tll.fi. r/t/Lt-t̂ ti f/HA. Ji 11*1*1 J. <--»/.lfc <1 « I *Â r A A,_______
j}** t.Jt/t lift. - AtitO ,1+rtl. LAuA. UGA'tt IAJ /_«.«._(. </. M, <B

j A/frr-t itsnî LA in Lf*Jtf A-At*
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._____________

Serial Sa. ft U)'l"> » T&________ Sffl-T // OF /£•

lMrT if/a i
- rAti M^ttA. ft A/.

Ilia . ft u i.L£n 9* fi_frtiArr; -m
V\iXtA TuA 6t*trr t/ffitx- ItLf.tMfAjif IfiA^l fit. 9£!*tJ ultmut-

/. >̂ -

Mot-llA<
tuts-

lAjtittt fMlAnt /MttA-t Qf&fitt. i(t4or-fAu4. mix /j?a,:tj* i
t.A iffl'tiA &*Auf . sAiuik. Hit I.Qtitttitt. AAenii*__________

g ~ AJrttoti, n
^-^_. lif *„•*•. AtiJf

OJrrrtfr vt> -a ^ /L/OIXA /or* *•
'""• ;</y/> - /ty/y>x< f*2 "fill. ̂ -U.iT-C/̂ /, ̂ >/x / Jni,aA M A"ĝ - .,-— •

, _/ I Ij ft - fag it.n ft4*tur*.irl Vc'/UJtHu.rJl Hs,r- +.A4.£t*u4* -P/-O. -f.
tUlXtA t.V'fut. littof -tAmn _</•-• /fatrAAf. &

$uL.t*4-6 tJ**ilA,f\ 1̂ * J Itftifl**.* Jtu^ -•

' {Pa<j/LfO tff -TltA
?it- A £At> i* - 5/u_i

- mix to m ft "Tj.- liHfuT . cA-t*t *,/:r//raiiJtAjt

f7> flffft OifHlHJ AA it
. ->/t« f -<AHt.it iX t>,>

iiA-o ttrl*,r»l. • hi tlLit HIS *Tut*,pr»l. • hi tlLit HIS ut / jbr -tAiit. HI tt Ifantig,,
* -./j.. /a-»t/r-»A<»i> _-i/v / ffl/>ii aji.n A*?"

•nrui_t-tJt ffĵ tut. tuT et-rof i? HVLJL
t AAlXILt /r>?'7"o- ttfff-ttMt. mix/ fil&AlJ LjiutfitJKo

(l(e>U/L*.ti
ill
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terias ifa. &Uf-R.~l D -a£-_____ Mm /X- OF /A.

ar tlArle.nt/1.
-J L*t,H *• l/t.

Ma ifLn AlA aft Ci-r<
L&r <L

tllAAl ttt V' t^f l>. till*

A trt nil . <JtU tit

inn Ik i\A£i di n a.uAjifi « AAJA

L/.-— AJ i T--L.' 4L.1SAA*4 t •ftt'M /_- JSA.A {tu.*.&A.t. AtA.'StAlirt. XrV

_________________/_> <4A-j ijiiAft t_____________
/̂ . XA<-> dtari.a/L.o TitfA 7~ -t/Of i.A/f

U - Zt> Ii. 6A*1 AM I tt A At XXX̂ m-j.-.V /«<.

•ft L/<-J> //y/ XA/. <̂ x/̂
Ut£B "7 tt AAJ tAJUA

JlS.aan.A.tt
//Lit *•**« fi~nnJ UiitA

' •.!-? " r̂  !••.,—.
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: "*"*"' MONITOR WELL CONSTRUCTION

lAflfl-HHy /ffltA*r fjpLAjt-r CII--I! (J<A.-TI-4-A-flfA
Drilling f-uin-M-i. fifuje** MaaAjAp. ucnion;——un/e^__
Drillir1! M.-.. g<g-L-.-*/. 0A, Job Numbtn.
Will M"-h-- t,M-Q.-> t i-rp. Dltlfflmt: Slirt »/'->/flr Flnllh.
Commtnll (Loit clrculitlon Inlirvil, Witir livtl chingn, Holt coilipu Intirail, Ho.);

[itptni In Rtltranct
to Ground Livtl
Topof tQib'

Top of Will Citing ,,,M.Ai,_r

Bottom of , ,/^

'̂.reund Wiltr —— - M1

Topof --/•
_._...u. D..I /«5

C

y

mmmmmBMMi
mkmmm_-_-__M 1

Tvpi— £jLi ff-io M>

.̂._h_. }a

Bottom of Scrttn—-22tSl
Toll! Otplh ——"if̂ ——
of Sort Holt

.*.-_•.---

Ê *̂

^AJ«^J.—<. r.̂ jjÂBtntonllt Stil——-"———> _ _ _9i' • _r~Top of Qnvtl Pick—"-——»W W
a-j «•/ r*!"""1————-ClnvtlPieki ,/ ..

Top Ol Scrttn——2-*^=————- m-nn Mlltrlll ,/W- T tf-fArln ̂ l

1̂/1?.
Olsitisisr—_t
Lingth_ /*"
Slot Sin.

- Bora Noli Dlimitsr,

AR3QI.7I9
NOT TO SCALE

B-30
t- -TV*̂

^ lfl>



*tw«

ETCCT ENVIRONMENTAL SCIBMC
C«3C AND ENGINEERING, INC.

Job No..
ffiUM USATHAMa____________ Boring
Fmi-rt ri> I/ /•)

it J..L__
Uauon of Soring:Hiicn tfft M -rur A/it A
Water Lavtl
Tla.
Dili

H

•

_

/

•([_

Borind bM-n_3_l_U.Sorlng a«litsd__a____

|i!

f'b'J

/<!-«;'

I
1 '

.5
i
1

i!

-y./̂

•
i

Jl

'

1
/'

/•/'

I

*£

oirm
IN
Fin

-o-i

•• ••
• •;

• •

• -

J -

••

•;

f- ••
jr* '
3(.

- •

1/1 '

I i

- -i

r •;

1 !»_•*• B ' ' ̂!/.•«•' I...I g
I 4
r -3
_• •=

. f! ' « i'*x>*i " -

1 Soil typt, color, Min, cmltuncy, n-jlm- driving notn,Mowt per foot on cuing, dtpms wuh wmt* lot, obttrvtdnwiuttlon In wittr livtl, now on drilling MM, tic.
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OCCHIPTIOM
Soil typt, color, iMn, cmlttency, Mtglv driving notH,Wowt etr fool on cuing, amjtfa «ean MI* law, ootirvtdfluctuulm In Mttr level, notai on drilling MM, tie.

Mtm 'fiit'1- hR KVii.t . fyiA',1 -JiM ffi..-.-:> AA.I

/I'ia'A'-* /ffittiiJ'i tHUifl .\.</."*irfi ,'.L** AI.U
.. /.I ?, QliauiL ! Ill Vt -//f - fiihi> .(• i
i.jfi.. ,<'/AJr.' I/.î fjit . '_.'<! ' (L/C.V.
/i ' it'. l.'Ĵ/f.'. " ' " ' '

FxM.'jl-1* ̂ fL- ilflM4.fi XAfiA j u) /*"/,/)>' (I/A..I-
1 /!/„•, , rl*i/l -«»A /• i./»«. • i-lj'ff i» // .
f'X-.tC'.c ' iff i!,) JV / J Itr^li /"i/Vrn i. •
f,tUM< ' IHj,tf' A • /I ll , /l.Li . i.'li .J. '

-'/ill n'*J /.x!/l/>/4.<' »,Ljn /I CJM—
i.LA^I AT- 1(1-— l^t ,«-*' k'^Ai/1/ —
.•L J 'i'Hft.f lit.)— **.r fJl/Li,! !>AJ/!(A
A'III) i-'ii/tj i Aj'f P LA-fui.t.

F-trr~ i'- i A*4 *U/ /U/> <'/lA.'J • lit Vt! »"/t- -
yx ' t,"Jv .1i?̂ ....«j. >->ir..l^J VLJi^rrlS-'
i.j»~,'« • ,-«jW r- . *'./«_ **l+l*. <VJJ>A.'x
S/'irtfc-.'i?. y/>tB̂  'PJUj'it iuT' flL.HjL.iL...,'.

£u :. ;/»u« ,4̂ /1 '̂ "c/ ft.** .. //j v/i i//f .
.?./?Tj.i.' 1'wJ^NTL.I. /C/ilTIf: •. '-.«»U/t'
.u «.?-, '.Will?' /JtL... -'..j.A . '

, . ,» .

^
• f?'','r-T31A . .'Ĵ  1-tf.M.tt • 3/J. S"'
r 1
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MONITOR WELL CONSTRUCTION

Drilling Contractor: ^I##A- ̂ a-isa,.__ .ocitlon;—___.
Driller'1 M«hi-! St.*™* <?y»rr-j-.'.-i job Numbtri.
Commtnlt (Lot) clroulstlon Intervsl, Wtitr kwil chingss, Hon coilipu Intirvil, itc,);

Dtptht In Rtftrtnci
to Ground Ltvil

Topol
Btntonllt Soil
Top ol Qrtvtl Pick

Top ol Scrttn-

Botlom ol Scrtin J*.,— - —j-
Totil Oipth —3f-f——-L '

Topol _t «*•'
Proltetlve Citing " 'f — -»

Top ol Will Cuing — $•'?•'

Bottom ol 9 g f

'.round Wiltr —— + —-•- —

C•̂ •̂ •̂ •̂mB 1

M-rnt

Typfi Dliniflliri.-.bJ«-mi£r r

TJ-- Pl/£ 5ltW V0

fltuiA Typt-.-T-S..̂  'J*v»->-4«

L.B)[th IJtr 110- •» f tA*,,JLf\

.̂.-AB-ffffp̂ ya /-•-I
of Bori Holt
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Jrt MB. # V - 0 V

piuni U SA-Tt+Afrfi BoringN».*M n»b *t/-/r£ q--t / °r<fl
Kt /u ww Typt of H~'"fl»V'-»-tf'Miig ILAAIA. — -

Loctuon of Boring:
(alar Lawl

3att

3 }

•tltlti,

Cuing uHd __- _ _ -__~
Boring btgui__<-___-_- Boring cĉ iM-_£-_2-_.
Sround _layaUoi____nfamd ______—

Oimm
tl-M thrtfftUA,̂  QxiAivAtf.* &**,«.», S

i! OIPTH
IN
MIT * r:l'-c_̂ cr̂ 1nivit.Mtvil,"ril_ton*lllingtŵ ^

/,*'

DESCRIPTION
Soil typt, color, laxUit, cartilUancy, Hnplv driving notts,
blows ptr root on cuing, dtptfts inert Ml* lost, oottntd

L-l-l. tt-Ut *lll» 1

%

AAniu • U-/SH _•/ 'A *-r--/t

At AH

In Uf «-/- - (/-?.__-_, viŷ T.-n/̂ i. i« IA.U -
U/tUe."

Q. 11* u iSi a M •

jtJMJA O.̂ it VAAst ~J/~lf.l ttt -•
IftS f/t . lfjtm~~i n0*—i*J. A,j —
' ft. fart, - i f-nlA . / > /* i— ' AlAA*ff.A* * - r , J f-n <A .
At 1.11 uf, list, , '

>>*fl— -. '^ It

fi tuumAa fa AA-irif. .• . A-i Vt v/- . n--

p
! .jtjjf •
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DESCRIPTION
Soil typt, color, totm, coniUtsncy, unpl* living noltt,blows pir foot on cuing, iltctra wuli wetsr lott, otntrvtdlluctutUoni In wittr Itvii, rain on drilling MM, ttc.

(?M>a.t.t At*4JA iStAj* f it <__i A_y_-<-9.
<»/_.f-' Q.fl ffl* y_--. at-i itjt 'af̂ fitm
f-[»i* 'ft fftf-ft. . Â t-rX _T • uiA.r. '

JI JfA X - A—* tj J Ift tj4—j .

fftmALV A/I ffiSf (~ 'f*- *̂ - '̂î'̂'l *̂ * ' ̂ ** ̂^ ' * • — ' '
1/lUit H/6~ n_i VX_<._— i /Iff^iAi- '
Af *f &1. A \ 49 t- • t ̂-. « A ,. itj» ̂  !̂ '

'

X̂VT}_?I1 fr/ ̂  l3fr&A'A f_99->_4 C jtf-_X ̂ 4̂ *_"2
»//,.— , teVff «/X./)t tr'J* -- — -' ^ - ---'̂ "
ij/ir iCy >*•— f i > (,£-ftt4 '• -O -L*->
,-J A X > A-L L _> _-**.! ̂» / '
' -

.

ftfrtu, ».- OOcA., "tt.f

\
/| || -j n [, "7 0 f 1

-1 U ( / u 0 |

V' \h-UJLir-. ...
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1 0*1 1- "htiAUJt 1Av«rt.it
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MONITOR WELL CONSTRUCTION

Logged By: /ff " ft i-tir J-mt L&rr pn.nf SjtArUAttA
Drilllna ̂•«"«""-' fa01*1'.Ap./H«x/u-X Locillon:,—— -*-> ---»-i/

Will Hlimft-7, .W-V.-VY Belt/Tim-! aiflfi , V/.i/f. "l"l-'« f/t/lJl
Commtnti (Lot) olnulillon Intirvil, Witir Isvil chingii, Holt coilipu Inttrvil, He,);

Dtpifit In Riltrtnct
to Ground Livtl
Top ol A <j t

Top ol Will Cuing *<f*

Bottom of ? / '

frt-\5_— ,, — J tlf_|— r — II

Topol ,_/
Btntonltt Sttl ——— <=- —— "
Top ol Qrtvtl Pick — ̂  —— «

( ' Top ol Scrttn —— ^* ———— ,

•"*> Totll Dtpth —— ?& $ ' —— "

C

•

=(3

•

Typt rn«i--i-i. A 3 Tnn *•
• -i-i CMiMiaii.ii PHI

Tutu If w E- i E>rf ~ </
Ol.-.l., ,,£/* , ,.

rlurflbtr _P*p(h" ^̂  (P,tiJ if*

——————— Typt of PI..,, %tMnAi,ntfta.4.n J/S "

—————— QravslPick: _, „ „, <7ii-uri.i yi/o. <r UMifj.fi .yfŷ i.

P'-mM-r *C*,,. , .
fti-iii,. -.*t»a~ J

DortHoliniimtlflRyU.iJgg ..

of Bort Holt
NOT TO SCALE
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Jn_ Ma. - .... _̂

mum UShTU.M*A___________ Boring "• ¥r »•'• *'tt'H._. ̂ * a>A
.TyMoK

Location of Bcr
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WslirLawl '
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2.t

8 _

/
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w*r!tJl -X.̂ .̂̂  A/-t/l Baring mg-n y/W/g. tolng a-̂ lat-d .//?/?.
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OBCHIPTIOH

Soil typt, color, -*tan, cflmlstwcy, t-molm- driving notM,blows etr root on cuing, *eOn woti wear Ion, oewprtd
ItatutioM In welt/ Itvel, miM on drilling MM, tie.

SAJUS* CLUM uJ 1 f Ht!''., Hint van* iu
d_A»r. IllVA >tJ<i -til HA -If*.. AA^Y^J.

AU..1.I. .'.'•. . " ' ' '

1'li.Aw ,jl/ t,',\.lL VIL.T t»S'L ' y/)VJt U/U - J*.
V/LLt.J'W itll̂ —iJ. HffO. n ulllJLU fLlUrtL..

0.1-Al uJ/itftl *'/-r if. fim i'Af/e ciifiA
Ai n/iuu.i. /*l/W'w/l IU A-.,. tLhn***~H i-inLi
Itnf.Ai'f jt*tA it <y 4.T- -̂.y/1%.

IPtlAUl S.tlAAAJl •lAUt IfflLii n i*tt>. 1 ijJtimi
t> I.A.* *. r> U..-I JtiuA 'en.t fAA»A L. .•v.t-7.
Iti.tl- Xc L'.u'.4._ , IcVt U/y- >.L. bM.ArfU'̂ l̂y*.
yC/r P'LirT-ni- k'ftltfi'. tilCltT'. A.'(J/ •/UlU.'/u.C

flftlitSi.̂  WAAitn, j,'-)A«0 . 4AIUA. A4 AAdii.t
i'/-a/»/J ,u th t. SttAjltA.'~4IUSfri.j
ttttf tAntt.A. it 7)(LV.

diinto's (...--.- - ,
.̂.i/ii.̂  '"i"-.? 'irt"" i)1il/L /?!/-/-. *t r * X. 1
/t^ AAJ-J Aia.tr <!t.'ui*p-v «.d;j r •,,/«/ I
<4 ! ** _dV^L ^r ytjLM//*. !ii;c f'ffî  *î -. £i J A— -
/IA-T*/'. </J(J A..L /- /T/Al/ <'<! 4. _.-.!„• /J

SlqnM .
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AND ENGINEERING, INC.

j-.--. 9 Mat/
fill--! /y C/t "ff+AfaA Baring Ha'/f Oil1. ? //_. VS_i__Sllttt3_.a'_-n

UcuiontfBcW ' ' " ' Cuing -td —— Sin —— Drilling wd usd ———
bring h-f- —————— Baring aaplitid ———————
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ocemtnoN
Soil typt, color, tx-n, cmltunqri w*pl« driving nottt,blowt ptr tan on cuing, *o<ra man oeur lojt, obMrvtdfluctuttlm In Mltr Itvtl, now on drilling MM, rtc.

fJn/iH-X AtfAfifn t'AiJtif . l/l/i. if tft AtaiiiJi.
1 ,-/in.f-A /A/ At . t iriA A-r TT •} i f n L i .

*W'/fl(.V (M/lOttl) FljVtl iAUft lAMt.
At AA,.jt {Aftfc./. HUT jiji/t,/) </ZX
.{ KlJUirJL A. A!., t^JIAUx-L f,U4<'A*J~-
A Oi/4-n /_._.* t-Aunf. n t'XAfjtAJf
IU /(/. TT-A. /̂t t/lnft^, /—'/I 'I ^AlUflli

ffjUi-l /.ilADiii) <MU.} <AM... /l-r

,

>

.
fil!'.-* fH'/tffffi •SjO-Lli/ i At 1.1 /fc

jtflij.i (ant.* tn «iii_ /i/r»U.ii -Hll/I/lry/jH |
Ui'll. Uj'i'tt SiHtf «,w I/JA/1./I /'. iu î T- '

f-Atn, i>Ai: t.t/jJt H./KIIJ' . A.. -r« .U /i -)/{.</.'

Jlanta pf^T LI.* rr- ,.,.
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ENVIRONMENTAL SCIENCE
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Job No..
Cliant_____.
PralKt
Laauon ol Boring: Cuing iatd —— Sin —— Drilling mud and ——

Barlm UMIUI —————— BorlM eMdKri ——————
fs_f_avt!
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$
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!
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&
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-
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E- -3

• | t _
1

,
-

\

i
i>

OBCRimON
Soil typt, color, ta-rt, coMliUncy, unpltr drivlngnolu,
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MONITOR WELL CONSTRUCTION

Li-p-H By floHR* IT. l4-t.fi -T- ftll.nf US A
Drilling Contractor ft»-y»/y«-/i«a .<-.•-A LM.ii-n. iJtftv.
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r .̂  ' '̂ . yj«{ciN

B-47



EIWmONMBNTTAL
AND ENGINEERING, INC.
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ffiu-, USATUAIhA______________
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11 Ii I nrr
% DCCTIPTION
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/.JA tL_J___JA__^yr_j^_jj
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ij.ii/rfij Type of "'•'"fl tig
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B̂ fcrtv.
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PUT

oceniETicri
Soil type, color, t»an, cmltMcy, _wpl« drivlndnatM,MOM pe? foot on cuing, dMtta VMM MW tot, oo*tnrtofltcutlatt In otter Itvtl, nottt on drilling MM, tic.
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ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.
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(J/-I

Si
i-

•7S=_.:

r*-3

LLALf' CLA4t UAC «t>.t,A <lLTl~f1,\Ai-\
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/)/)/ • T)iaviL>.̂  tn.ntfi.tt
*k L/L '

' Afirna LtaiLlt tlb'H'K} HJ/LJ.-A.A

-ft

- 'DAoVJt. Sfit/Al/. 'JtAiU.S //.-/

n y?j,yr-.̂ .
/_-Ti - /JALiiA/t. liaSL

- ft HrSuA.A.0 -n Asm*, a* t̂ oi-te. -
furrilJfA /l\fif flMiitt. JgiVi.' in LA. *if]in.r-

<~>-r O.fite-'1 XtAAA,u u.lt t/S) ,tf* T>,A. ul/XtinitA X-J-T - • i
~—————ViV

(ttuxrfl.*

B-55



sic. LJ Vi)i>J
tor-otto. /-t--</yi> __________ S8E-7 / 0 OF //._
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MONITOR WELL CONSTRUCTION

.Lit ,-T-

,

Drilling Cnnlrirlnr . jjv̂ Â. ̂jf ,j/lA/l<,« Loeitlan! /U (/ tf <y_
Drill.r'i N.ni.' S*:AAT.._ fAi-vfXa'./J Joh Numb.r <l«/̂ -"f"
W.IINunh.r £Hl-Uif» D.I./Tlma: Slirt J/iJ/J-. Plnl.h >// - /ft
Commtntt (Lot) olroulstltn Intsrvsl, Witir Isvtl chingit, Holt coiiiptt Intirvil, tic,):

Diptht In Rilinnci
to Ground Ltvtf
Topol <; «.'

. >•

Bottom of 7 c*'

Ground Witer —— » Hi'

Top of -,_ _/

rfl,4Top of Qrivtl Pick — *-̂ -- — -
<?/'

Totll Dipth —— tft'* ——— -.
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1

•
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ENVIRONMENTAL SCIENCE C

Jnh Ma. S */-<•' J

eihnt U.SA'TUfllkA-________ Boring No.lL.Gtlt ?/' 7/K_SnMt-LoLC.
Typt of Myiii'u.-mlHMij C/I/KX.-.-.1-
Cuing uMd___.Si-i_C_Orllllng mid uMd_&___
Boring btaw__U_li_aorlng coqliM__i______

Wilar Laval
_____

Loa.on of Boring: /|i;i/.- jiloswii A
'PVHto />.* ••/l4Ji>V.fA/A,f?*tvv̂ /i,-A

Dill
i tea?A >/8<:

Ground Eltvatl-i____nfmd to

OIPTN
IN
HIT

BBCRIPTION
Soil typt, color, Min, cmlsuncy, itmpl- driving notu,
blows ptr foot on cuing, dtptta ««n wiur Iwt, c-wrvtd
fluctuticM In wit- Itvtl, nolM on drilling MM, tie.
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—/)f. CAAJ&
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t. tj tt 1 LI t*t •
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/v /~/57. ili-w if/tf • VM.OL. VALLI*
t((tfij~' a/A1) K MAi f̂ juni.' iaua
LM.J jl̂ .Ai1 —*•! r-W'. £4Tt* Le.t.tit > AAllltf* XtAl.\lt.'itH.

îfhl ,ii-L. lia Juliet •!*<//! <4IZ.tL. «/AI-,VJ n/ihj,.

.j._ t.- Ai.'/^/iJAi/illAVt't. A»/A-A. i MiV< ITW-1

_ Ji L- -i r
itlAmt a/-/. i/4uj'n!
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ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.
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No. tfV tf-lf
<tt Ul AT!+ A A* A B~iM •_,. «V̂  n,.k i/ 1 /rf , o_-» ?• »> /!?

Loauon of Boring: Cuing iMd —— Sin —— Drilling rail uMd ———
Watar Lavtl
Tim
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^

(T<i> ' fl«niiii
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^{j^'A-JVll ,4— ->fc- -?/ ' I ,/r4.-tf •' i «• .h . '
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IAJ '.i,<l'»t',. i'lLH - Hi. i.At*»UL i IfiVt it /Um
til- yX.i.tl'ki AylfMW XJ/-r y__h »/I ' *. * d 'Mliili
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' U '' / H 9 i
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a*** eCC ENVIRONMENTAL SCIENCE
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Job No...
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Soil typt, color, Unttn, coniltttncy, umol- driving nottt,blowi pir foot on cuing, dwtfts wtifi Mitt tat, oottrvtd
fluctuuiont In witar Itvil, notu on drilling MM, tic.
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fltlt"r0ftitlL't Ati/nfHf f/Aj.'i f/Mjit 1,1/1.1 rrt.fi
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' •I'L*
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MONITOR WELL CONSTRUCTION

i î g-n By 6ft£ta.r & Ij-A'ci.x.rr cium- OAAT/40MA
Drilling Conlfictor: __i__^t^t . faottt̂ mt. âef̂ fnn.! , Ĉ l,,̂ *̂-4̂  ,
\*f-|l ptfflih-r, ,.,</«,'--//. Dilamrne! Start i/Dpl tMmh J//S/W
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to Ground Livtl
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Top of Ctmtnt---̂  ——— - —
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Btnlonlti Stil —— --- —— »
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f! x

Top of Scrttn —— --̂ - ———
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ENVtRONMENTAL SCIENCE
AND ENGINEERING, INC.
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r̂

/y

f./

i

dM-

tot

S,

IPTH
IN
MIT

.. 1

•

:••,:
•
•

r-

-
-
-
•

'" -
\

-
t -
& .--spr^§ :

_;

C. J

i./ /*'7 /*,-•
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DBCniPTlON * '
Sail typt, color, txtin, conslttmy, tMple- driving notM,Dlon etr foot on cuing, dtptta MM mtur Int, tburvtdfluctwlloni In wtttr Itvil, notM on drilling MM, tie.
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. • ' ' ^ •
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, . , • • • f
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«iJ ,V*Vr//-
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'
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// if̂ '.̂ f""' f'Allfli.î  fl»IU.tj >yt'.Alj1 .4. / ̂ v— _X 4,».r-
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ENVIRONMENTAL SQENCE
AND ENGINEERING, INC.
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i
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/./

/•''
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BBcmpnoH
Soil typt, color, Min, conlittncy, Mmler driving notM,blows ptr foot on cuing, dspoa MM MW loit, oeurvtdfluctuuicni In witar livtl, notu on drilling MM, tie.

(Ajf̂j. »yf/ir_td u0Ai/..L*/ «/»—•(> nlM't/i','. /*MA.
S.PntJft AAifl f »*V ̂ iAt* . At* f til tjf/jt̂  r— ,
/•*— '.) tf AlUJI tifAf'fi '•< jOim.t Af f>*{] ff "'̂ A*-

W/JT* ir'-yVi-rt.- LJtJtC. . mitSiiJAf11 '
AUfUVIUlt: ' ' "

.
.

V

'ft*.* S.jPAI/̂ .L. AAf6 Afi <«f*- jKtitT'rt
fffAIJ 1L ,AltA tAAl* . /J *V! «//*/•/)_- ̂'ll̂ l.

'ifftijijJ • ii> r .VfjiMr/i' Ltllr> rtf f/m-r.iti
\Al*Si+' A-IAI* 'ft»t/Attf tfAft. '• .-JT-X AltffA'A.

I'/l* fl_-^M. «£A«_. L-fA.AI4.A .Attt^ •.? r
o£/.l\iviiun 'Ar ffr-t- ,A *Art,,.Ai iî te.'u
T'Uu La.iitl\ tat//* ,t Ofitf t« jbft''.i2~vii •/
/V/i-j'/X'r- .I,/1 itfuiivntti Visr- • Alt.<i..l,.«,

'

' ,VT 7*/1 «, i/l/V_lri ™ t*lW!*rAt ,-W.i, ,lyu.t
.-«"/1 iv^r- 'iffA f/ti . yxu.*. iljifUn. '< .vif
•LiHnt. «•*/.,. Jilfie .',->}»'. <tkfc.ko' j.'-.
j j-r/t . iir •'8-iw' ifiiiî tf. '/ift.An-r ,.* i.jlA, .•<
«LAl/>> HH.t<.Ai>f'f̂ a'rit SAsuiji uli*lr)l. ̂fj.f
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1
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ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

r JobNo.______________
i eiu.i Ufa TIMWH____________ BoringNfl,__2_Dilt__

_________Ha
hit

8

'-idf

Typt of 8orlnfl__—_Rlg /
Cuing uMd___Sin——_ Drilling mud usad___ ^
Boring Dnui____Borlng co-HUd
GnuM BtvaU-i______rif«nd to

OIPTH
INi-irr

^

f. j

nccmpnoN
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Mows pt- tat on cuing, dtptta wuh walsr lott, oDttrvtdnuctuuions In waur livtl, notM on drilling MM, rtc.
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oft* •

Mil

-c iti'i.tti-j

/.i /.., '"• »"'.

l.ill.a.i.1 + i.l" If..... At. ria,r»..:-/it'M <•//./:•

i..' J r '

I
,,'/•. . ti C /' itATil I* ;"/,„.< J/1//.1 t^.

I/I f'>4 W/ • /iL. '̂̂ Lt.'b*! .I/.1/.. _'.'«! " A/.'.

itn\J L i.iliiiKJ ..'l/.iiiu.e f>J
" >•,/) "* —'l.llf.'. , ft. fH.J.L.J » .1;̂  ;i &M. j v _.,M.,|/V .,
Tt''_5 I iZ.-•••/•» iju-i L/a~..-i.'i ....'• irw ij/.-wi/-/.... ]

? I •VH->'l/ r^.iin; <Jt

•Mjnia <fl 1A*A Tl''/•m.- -yt rr ;,

»5oio»io_2__=:________ :i
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Job No,. A itt •!

Location of Boring; '"" — Cuing -id —— Sla —— IMIlwjMdiMd ——
WslarLanl
HIM

8 _

Ijifr

i

B.U-

IH
Mf»y.«

\\

77).,

•

jl

(.A
'

8
/

!

S

SP
f,H

OIPTH
IN
PUT
• •

~C\~-
m *'

,

•M~.

'- •;

'- ••

• •

; ••

. •
•• M

. •

'- -1

: •
r -j
t _

""'t

E-
h- •

r •:
r •_

; ' ' _ - • _

r -.

3
_

i

pccniPTioN
Soil typt, color, UwUrt, emltttncy, u-ple- driving notM,
blowt per hot on cuing, dtotfa wun wt_r Iwt, ottarvtdfluctuuiom m wtitr Icvtl, notM on drilling MM, itc.

Pair ri/jirv i'mv IAJ ilfiit-*/1. o-f lif*
•nitltl T • THMA. <tlJMSl.it ylj' T /.'«!/. /_>.̂ '
i.ttft in/, iji if ft it .fi ^ t.ut imf>
.Ui •flkAItt .tl*. 4lLT*.

,

.

• -. A *AnjQliySw

1 /; ;/ , /
sianxi , ?AttiQ\ r('t rR?. t-trrs.!. -/jAi/ft

U



5it« l\J Ii U jW .-
Social Ho. Vi ii't • Lj "7 _______, lag. A OT 7

l/A y>r- 'Ji-r-̂  . jfjfi n 3 x/ ?̂ / /< .* /.«lyH-yt>t.
,tf̂ /8 f

7'

If/I '''bRavA ff.fauJi in l.' /DJLa,'f. *n..t

in l k"' I bttivti i-to-,4. m I f1 / iilriL̂ .H '/<fetyi *•/«/-/-- P-Uv,i t'.i+tifjt. in l k"' I bttivti
-'fradi.'/.. •fiiP.ti IT'lLf'

• /lrf< "P̂ u'A. iLM/fJt -n '̂ JtHUî 'ii itMiti. n iiaf/fJA-itttH MOLJ. T-/J/-/U

'' •"" " ' ' ' iXMi/A T- 'aa/OHinii. Heit. T» Z£/Stout HilA
AH

4. /;'- T'/3 / ,// .rw/ily '
] d'*!"1 * Afi*/f.t <t frfiAJA/Z>/l.4'.'.t e.fiu,il£ n to'

>Jtt.fL

l. .t 'V-r-l'oi 4fv?t*f'

n

-n

JM'.Atiaiiri u'AiiA.,, /T)i>j.'j.
'-'Vl i '••'... ''.I •;?' / i

fill ' F\l:' ...L '>y»«i/»l.

fvrrit*
6A,,UA* T*

B-70
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, Sort-l Ho. Uh.'-H'l . i-LET P
l ' J i t (

j • • __________'.. ________ . '' _______\ '• ________i_____-l'
i (./ llfff'DntiHS I'd-tiMi /b j>'f'//);? .if* iH't-,1. a fr'/RAituu ibn.

< i»&'lQtlt<ttiiuAril'R L /ib'.t L . -/V

y?/^~/ir)<) '1*1/1 HA!,'. . ;.1,1.10 ri,A.I— //)/!_•.yt itiiii/JA •
T

' Pi^/it 'iij>1 "̂-/t '(̂ -f(l!i' .1 /
••T>j?j.'<. gAf/yv<.'n Xf̂ /TD.tf/:̂  //•>--' y> £ff/'AAUjL6 //P.A »J/-I

_.r»-.'..Ai-i) rr
ji/ĵ iAAJ QtJilfjji /.' 'yjyV J.fi/A/.' iiAj*g if*f!_£. JTJJ8r«i..i-y/y-'̂ .'.-
CV- AVrf x.' iV/r / f ztf/f'TuAj' JO* s;.',î±.ii
,'Atnj/l '[t/. /J'' /-a'* /-/j1' <ili*.>,*i)- utt.a A____________

/TO '.tttiAtn 5* gyj.- >••» ,>-axy/> /An.t.'ri ir.-t KAI»IUI n. Ŵ  /kJ.)*n<»•«/?<m.i

• Pa<.i&tt.A '/L ?vĴ .' •.>.!>/* •••r/i 1 if >'/4<O AT" >/•/'•• IJJAO ") '/L ?.At, % »/.1>ui

uiUti n "Ttf *£.v.*itrati',r*..$'*JOL

Mlttiit run tSXt.ir u.-itlf. • ,1 fl«).,v f.itfM.ur JN&M. Ai,*£iH.if6'Lai.i t.,fr*-g
<i, JlStijrTV'r'Xl̂ u T1! 1 1*1*1 H. 9 l flit )' / Ff.i.f.tAiin' .fA 'i'

tti'jf' AAtilMA'in A.'.llAV.' f.iJJJ" - S.'TiUl'lt! U.Vll -//•/! /./J '

/'7/v • &.-£.* S"' gyit/o/-1 TC te
1'i'i. .• 'ilue/ifi <-l'-''-7̂..' iHt.'tr. tail-It! mi

.•_•.>

TyJ t-.Kt.i-. ftmii MI- / ?,ifi.i>a Li
r /kiirMj Y«...'/.'i- 1̂ ,1 rp ,-.-'<? /ii* f'̂/'/'. /u 'SAttth

»/I->H. /r*

.
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lorUl ite. £U.' --T"?___________ SHBT_

tv'l BAfa «.L'fliu*J~. sftji.tl' • • •/
-i- • 'AtitiAV -vA^uitJt n-vJ/L' $t.J,ftMtij(Jf~~7fi ii T Tut I' \J (. TV

tA fj.'l ul futtA/A / 'Bit • AAJ £a,.'ui-ii i&ts. n .YIAJJ
/,»*t/tAA/J 'DAi-i.iAjt, -rtH.itit.

r- lA.r-A.AiA..>' t*i//jArtt/t'tJ/nMiLa Ait. ̂ .

tnA'IMtil it.arrA.Ai ./tut*
Of" I ft -A. • U~rQ Tt A/fAAiatAj yVBt-t, T- A J tuft f
TuA AAiu-TAtttAie. I A/.e I A MA Air- 'A

I* In - Q *L> /LAP S.Atuf y-j 'PVt tit n 44.AUA,4 i.A.Ul< _

MAfliA.lA.Lf !

i-af (LA
Ali. «/ -L-/i«Tt

? 'A- fOlk. "ButK/Lri "Z* Ainu if A. ?*t.l».rt "1/1*
rj<AJ?".-/ -VV/A, fl/Uf '?&A.rL*tl6 -T-tA T rt

Aluti
II f tiALf. lit Af til

:A:S
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MONITOR WELL CONSTRUCTION

^JflttAr- ttAT.Lt.r-r-_____, fill-Hi. USAT(SAHALoggtdBy; ... ________ _..
DrillingContactor poi^nt .*<*AAJA.C. Locsllon;——UJISQUJ
Dfllllfl M-m-. SxAA.rXA_. fA-rAtLt^ Job NUmblR

Oilimmt: sun -*//< Finish
Cummtnlt (Loil clrculitlon Inlirval, Wtltr livtl chsngii, Htit csnipii Inlirval, lit,):

Dtptht In lUftrtnct
to Qround Ltvtl
Top of /7 5'

Tflp of Will Citing -%•»*

Tnn Ml f**m*nt (1

Bottom of -j,5"

r^AaMiiiiri Ulalr- • •

G •̂•̂ ÎMM

1 Typt, Dlninitsr̂ 2̂ û_̂
L-WJi VXI*— •• CtminUOrivtl Pid

Typt of *~»<lC***t"'iB~-rit»7iC 20! 1

Tyoa_______. 3 CM vo

Dtpthi £li_(__L_tf'r '*' tf*'rtfi' --»'

Btnlonltt Sttl ——r*7 -U U.______ Typt „, P,u,____.__1___1__i__UL__i*
Top of Qrtvil Pick—̂ ——J"l B

• QravtlPieli;
( ' Top of Scrttn —— ££- ———

;

•
Bottom ol Scrim — *-— —— •

ol Sort Holt

.-.-.-.-.v.

1-i.yh .>-'/f'./«..-MM.-!
Slot «i~ fl.flioo-

NOT TO SCALE

*V)<&«6-
' Jut 4to/Si
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ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

Job No,.
eiu-i £>JA-ffU./U</» Boring MH.̂ T̂ H- 9/-IH g--t I at

Type of 8crlngabuflM_Wlg__JMU:7T._
Lodlion of oring: ffnr »t ?t*i> i rt
$_tr«l

A unUt. AiltitAlSii A--.A

HO.
Oils 1 <//£/!.

Cuing -HdJk&,Sin___.Drilling mud uMd.6_U6
tor ing _rjun__^___B«rlng cs-jliiad J__2__^

i!
•-*•

41
Sf-

#""=

_•/"•!

P -

i \tf'll.S\

S DBcmpnoN
3 Soil typt, color, _»Un, conil»tar»cy, mil* driving notM,blon pw root on cuing, dtpttti wuh «tw lost, ooitrrtdfhcU-Uon In wtur itvtl, notas on drilling MM, Me.

Fltid Prŷ -/fc"-̂ -; e"*i* - "r'Lt'~*t*iiJ'y+l0,

____^__J«________h_tX_W______t___J___&v^___M_4

tjOttLt.il Alt A* A. A 7A-7-i-!l/_V̂ . t

yt-J-HTlj" A-'jif»"uiAtt̂ i/ JLAfrii.

l/IJM.

[IT/ILL AAkfo^A PiAJtt. <A.AiO *)/*•&

iff' iljAA. K'. ArtSl, U •><->-.

at if • it. et.iAffft.*
l i t^-.rT-'. AJAJL-, 'A^i.u^tin»t______"': ,-r--.-- ^̂ Q̂ î

__/__a-_rr--._:.
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ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

gn-ii D <A-TH-A\t A
P-)«rt ujvtvu Typt of Bcri
koauon ol Boring:
WturLtni
-53-Data

Citlng -Md___Sln__ Drilling mud UMd___
Boring -tgun____Borlng c-«plittd______
Grow. Btrt_ai____rsf«nd to.
PliWPirtyi.

.OlOM

h OCCKIPT10H
Soil typt, color, Iwurt, cmlMncy, wplr driving notM,blows pir foot on cuing, dipais wufl wtier lut, oMtrvifluctuuioni In wtttr itvtl, nout on drlllloj tut, tic.

Ii»?_"-l
H •

v-ii-r' ': 7v"'2?4

W» tALOt. <A.AiA

H£_- a.. ,v --.ŷ -t..--

n/Miif̂  6&f*Jji eiAjA <i-w-*a -n/-.̂ f
A-C7I *̂  <*Zt /Û  -H. mAf̂ AĴ Aĵ  jQsAf-L

^' , i / ' f̂ f*s
tfrfAi -.i/ • -»*-• PtA*n.- y^BO

A.Ltlt'j in it**!

yT̂  X̂ T̂ . ̂»., 7̂  ̂  ̂-»7-,-̂i.!<"
jfL Q̂ +tA* -U • jAt A-f>
I/. C t

* ft~*ftjA •T̂ +*fA£

A*+ *• T-C. f ' /l*.s. U l/t lilt A

FIAT* <A-st iuL*4fl <i . *•

^̂ ~̂ . * ._L . _«t__*. .j .-* t. r__L̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂I l«^f./<r-'. xVtC U iy/iTi.

•r-I—=:
JIM - -



ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

Jo-N~-
Clhnt.
Lot
*Hu
Xlffi_a!

f
Mono
l Law
•
l

.

(J7

/-

//

/_

/Uor
1

ii

^

rt-

f£

6'

wg:

I

t,S

flil

a>i

./••l "

i!

Y

k'
•

„•r

|!

.

i
/<f*>_>

I.*1

/'f'

,-/fl i

ii

Sf

$p1*1

--
of

SfsLfin(IP
Sf? I

OIPTrl
IN
pin
™ -
. ,
• ,.

.
ft

*

1

•̂ SZ)

•
•

f •
ôr"

I-
.
-
" 1

=• 1- -jn1—3
.

1

1

1̂1
1

______ Boring hagui —————— Boring canplatiri ——————
StanH Bfatlai ——— .̂ .-.mtofid la ______

D.eu.

nccmmoN
Soil lypi, color, i«tun, ontlstaney, IM*I» driving nolM,blows ̂ foot on cuing, d-pttn «wh wtw Int, oMtrvtdnuctMtlara In imm Itvtl, notM on drilling MM, ite.

•
.

iftnaut /.at*OA.A flAiA SAAJt liJff*7~
'tit-f lii if A f/.tt- VJ.t-i.mjJ Af̂ +iitAi.
'AJ*i* 0Ajrtttt. i / At-t f j • tf- tt-Jf-Ofr̂ . 1
rt"'"«. — ' 4> A. i •. A.LI. Ltl/lfJlls

' ' ' ' '

/fAa£f¥ ff^JIAA Oiut. rAfjit *i ImA r it. •*• •
(OVJttTU- \'jtl.Lt*l AJLflAlAA. A**f '

\f At tAiift.lt _^_W'».LT-W lit. iff te

J3.LLU ISIUM. '

ffMttt.'t &/it*Ln <»»AJV <A..A, S*,/A-*.~> «y , r..
ItVJt ir/V- f-r//_-ij. Â AfAiÂ '. yi-r*
fJLfrrft t. .' i. ** tj . /-̂ î  »-'•
'AlAA ' 'AtL.IJ.tt tj'ĵ t' f. mLAtlL tllftt

*TMi(y>ft- rfit t.USAl i.'/»"i...~i ',!_,., it
I.I A.* fft û  î̂ / ff*** ''-'>• >

f/'daj.t (Â rmiji c-'itf {fat* fr\; fî rA f t u~ •
ii*ff/u pttî i (ftAAA.fj' iiaf PL*T tl< .
(f̂ \*t • (t̂ .̂f-, AJ'&t' /L+.LtlrlLim.'t-r" '

' '..' LAlit4.'4lll,:——t——..*l*!——A.*Â A.'j[ll

i'tn«fjC--
1̂ — " '"f"* " 'f4* "live cJLA*a ff tt if.
f<t (f/i . tt. fpAjUiftifui.* ft-At -rvf,- n n I '
itf'r< fijtit'fj 'ifjai. A*.t.m/iAiMf\ J U H
-1>l)|i^l<Ji <t*-rf> 'ĵ f'tA.A.1 n̂ n.ii,
T..I- AituMu /I.A& | /tiVX.

g

Ĥ
*»*
»&

1£SDo
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fi-li..!
Loadon'o/baing: ' "" Cuing wad —— Hit —— drilling wd uMd ——

Time
Oslt

i! i
%"•

OltllfH

n
-*Mfl.

'

i!
^ J

1

!i
k-t

'

1
v!

i

5f
iW

OIPTH
IN
PUT

-

_, -

W,:
i,l«rt

: ^
•• -j
:
•
:

• -f

•;

-_

•

E- •:
E- •
Er •:
£•
r •;
S- J

• \ ' .•• •

T-

I
BCeHIPTIOH

Soil typt, color, latin, eornlitsncy, iMplv driving netM,Man pir foot on cuing, d-ptta with «tt_r lost, oottrvtdflucutlont in wit* Imtl, MIM on drilling MM, ttt.

nflttl Atf A. IA. AAtttAf. . pA({±4(
'fASa AA ̂ tAim* £*{! f iillf̂ ' ̂ ^ ^̂  ^ -̂ *̂ A4v f-
/tlA*frr. ettce-. 'Â i.alftuA.. '
' '

*£•«»«* nt It&Lt. . Z<"

•

'

n p o p r — /•/•
HIldUH/ljo

.̂*

t
*v —

5l,n«
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Slca__mj v u aw___ _^_ __•• ". __ £f̂  *9
Social Ha. /lfy-̂ ') 7~T IHPT —̂  OF /

Hitt - LjiflrtiO Ait ' .tAMMtiLt m 'httt,̂

lii JLA ffl\ <•.' / Ĵ Ajt, /^A /^B y>

y*f/i - 7)A44L̂ A .n L<r'l L' y-r/^ - DA* r/.
I ft/ 1 ' fbUct.lLt -n jtt I t- 1- At '-

' "7*6 / <- - Xtf "Zf* / tA- Ca

/JL.£i

/•̂ .ga " ft. at it t> aAttMA.-
fXia - ^L>.Ati.t.^_o n .SB f IAfai-jA

JXJ fl tt

±iter ftr-it-fett 1)A.<t

yv»-

B-78
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HO. ft vJ' V? JZT_____ iatn r- or

SS&L
JO

ft A*I -»
lilt • 7)

o n t>of //r*t.JA i-ft t-JL

AĴ tiJf. Tt yX2

'i _lfi/"_G
/I.Aft HA trt tiff 7/bSbtf*, Matt____________Jiff-fa

i.n>Lft,

nal A. a ~ Attt
l,ui-to 9*ajktAiK to n'/DtfiLta tut* i, A AMAH LA If it., A

l(l)ttt»*,lt u-K +

t,0 tfi 2. .ltlA

s* I

'ill A tjf lAjii
in t cv /.- a

UAJ* (pi ̂  ̂
fl/l -

Hid . ll'tfi. ' If* S*&ttttltl TK TUP a/t /Al--.ll
1 if- ttJ> U&~ijA if ffrr.tiAlL : t-< lktu-r. '/r*J*Af,

/Pii/A- itfUf/xra n £.&. ' tua
I&AJO f A^U , t AA AJLI
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!«.________£______
Jort-| !to. /-fgU-.V?^'________ San.

f ii 10 - *fl<6-L<t»- ffisrrtAA. 8* AAtfjUA. M-I TAAit A*.
Ijff 4,&D

/P/?/_C

_?/<* /1-S/C

It/Ob -

th.1 .'

fAAjT)

/<..
It- *<f Ik. AAtit n.rTi.AAiA-

HMD69
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"*' ""*" MONITOR WELL CONSTRUCTION w
1 "Hfl"1 "r •***•"*• ftfict,4.rr______ nii.ni; fJfArtJfAfuft
OrilHngemnr-a««r! AonnxA.MHtAitit Looitlon:___________
Drllltr1! M-m-! ^je^ttritA/KuntAtiAi Job Mumh-n f̂ ff
Will MurfH-r- CitAi-ut tf Ditimmti Slirl ________ Flnlttt
Commtnts (Lost circulation Intsrvsl, Wstir Isvsl cningti, Hois coilipu inttnil, no.);

Diptht In Rtftnnet
to Ground Ltvtl
Top of j? <T '

Top of Well Cuing, "^

Bottom ol ? <'
DiMlaJtllu.. *»--!—— 4̂ '->̂

AiMiind Uf_fr- ~ 3

G •̂IBMHINIMM

] Typt, Dlimiltr—O — ̂ M- —— ,

'̂ i_>

Tmt ________ ̂ «"̂  Vt?
Dlimttr </"j.̂yffl'A.̂., -A/̂.,..̂.
Muml-» —— 5̂ ,—, ,

Topof
Bintonllt Sttl——-^

_<•/'Top of Qr-vil Pick1

Top of Scrttn —— -z-1 ————

••

/ */ '
Tolil Dtpth —— &£. ——— _
ol Bort Holt

.̂ ^̂ ^̂

AVAV
.-.V.-.V

Onvtl Pick:

SIX*!.. ft. »«_•_*

Bora Hols Olimilir

NOT TO SCALE
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ENVIRONMENTAL SCIENCE

Cldnt. f/L

V>

»!**.* .-.* i-Ajr iHtittt Boring "1."" , j //fl/t< "̂fl. «-fi--- ..Lli*/j.±-
Walar Ltvsl
Tl-t
_|U

8 i j:

•

; i

i! g 1(
|I|L

^

-?

OIPTH
IN
PUT

-•*•:

• •
•j

; -1

-^^

7 •

-f

- -.

".--
'•i

: ^
- ••
E- •
Ir"1":
E- -.
& :
p» •r "
E- -..

' '• --

,
3
5

i

DBCRIPTION
Soil typt, color, ttxUrt, contltuney, umpltr driving noltt,blows ptr fool on cuing, dtp-it w.«n Mter lost, ttttrvtd
fluctutiions In wtttr Itvtl, notu on drilling MM, tic,

S/J/Jo it 6iA.it nt 1 ** Ie7. tAAiA • iMAm.it O
tiKA+4 ~£AJHIJA!I' \^itn*iuift!n*^-ii~
\t 4. t-i A. t**r<.i4 **̂  i * r~ *b A*.AJ< if. *
A tt.ll l/l U At .

CAUl></ &.L.AV uJ/M<~% t!AAfl> '. Harrf̂ f/i
/j4A*t-̂ A4t*JAJ't kj.ii.tj*-* fi.Am~Jt.»
'if. Ce.lt. â rt.̂  'ttottf. tl-Aj<A'-

A.' L.H JlUH*. ' '

Pip t CAtiO iit/Llsl. /* X.-K.AYJ Ati/*~f2t,
S.LA~L*'' £ '/yf 'f -- A^tt^ ff.A&n't..'
L.At,t'l̂ '. a* _t,T* • A-f i-iiStii*. '

' '

"jLt>rn*i n? itnt.A. _ iH' '
'

,

• n n n . -, -,
n It JU 4 / 7

i
l

«,«- M nAArfijtLLA.jp-* */*<>/»

P-f? ipp'»».» l/"__,,1_ o...4/20



su. LOVem
hria| Ha. 61*! HZ_________'_ SHUT A. 3F *Z-
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iff.ftj /Af/XJg yp y*/ /
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-InONfTGfl WELL CONSTRUCTION

O i Ajfj-H By h*. t AitAT ihi t-.it. rr nn-ni- UtA'-rl^rtA
Drilling Contractor ^ Locitlon:——Unsrm

Job NumbiR. __________
Dttirrimt: Slirt i ** Flnlih __________

Commtnti (toil clrculitlon Inttrvil, Witir livil chtngti, Hois coilipu Intarvil, ate,):

Otpthi In Rilirtnct
to Qround Ltvtl

•-

Topof

Top of Wtll Cuing 1 •

Top of Ctmint-2 ———————

_Emltni.t filing ————— »
•qiotind Wtttr —— » ————

G

_

•WH-H-H-̂ BMW] Jynti mitntttr ITt"e- f~l- u" |T

•

Tvn«____4_LS /A'*'

Caupllngi:

-Typ<olPluj_^______L

Top of Serttn ————————

.

>Xv_-

-:-:-:-:-:-:

mz

CfT̂ JJ

of Bort Holt
' NOT TO SCALE
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EsMVIRONMENTAL SCIENCE

•

ClH
Pro

M i
w*t

^sAT/IAAA B«ln0 Mfl. TJ*> Oil- ?/*''l'J'__SMIIJ__fl'_|lj
tu/.i._ Tyi»ii)f B»lngl_u|,rn(_/f̂ lllln fĴ 'lLit.nt̂ .

baiion of Bwngt/iMrM̂ r <I,A MTV.*,. •>./•» i/r Uiing uMd__4f.ila»___Unlllng mil f*ĵ --
/v , yj,/rJ " z,,-r/-r y*X.A B-rlno. -Kui_L_l(/_____lna eanolilsd -/«;«-..

Wilar La—l '
TIlM
8_i.

8

•

1

O

/

z

1

|i
_

f'fif1

H-iitt'

3 !/>-•/<,>-'
,

\\kI
..

P'

i-i

fj'
\ \

ti
ft.

M

(LH

PIPTH
IH
pin
0 '

- -
.
.
••
\

••
•j
-_
"-

' -.
•
\

. -.
r,-1
l̂"1 ̂

i
.• Hr- ^

! 6- -5
-".r.."-

3i

••/ a1-- •"•*•' /y_v»T f

OBCmPTION
Soil typt, color, tntin, eontlitaney, wwl- driving rots.,
blows pir foot on eulng, oWfa with wtttr lost, ocwrvtd
ll-tt-Ucra In wattr Itvil, notas on drilling MM, tie.

•-— A Aj '. A A Mil AI ltd --,. .f IttAa. All Aunt. <•
LtUtjL ' *A m, A^' At.1 J trlt***

'

flrr itfcylf I-/A/J c J»M ;.-- ftt-f • l/> W f/iV
It Lift* .AtJuili &in i-V C-/I .S.4'A*I y»m.- f •
H!// «ML«S PLftf-nt> Mt&fi. Tfj/Ajtii . *D:4Z V • -
A?/J-f»_-/l At*l*tjA*, /mAijtjiir.'&tt_uj'. a~. .

/-ŷ T- £fnAV *1/AIC f°AAIJt AtL flL^I //) (/̂  (/•/•

r*jli_ir_ ^JIvuiAj uyy_-A.«. i>y_4_ AAt.UAj
•iftrrLitii uit.im <fi.ft-it . 7>AitJ{A • tlO-l •
A.LL.IJ .. i t .« , 'DA*/ . l " '

/

C/̂ r- tliAlf tU/JUi tAtult tS. ttt-r
ffJA fiAUA ff A a 'junei /. t _u - 1 _*»
-,/f ' • /ilVJ? V/V. If/tLif̂ l &AfMAj •' illAIAL.tr

flLt̂ -r,.' ftf.\.tlL' 'Jl£ l> -JA*' lil.Ljll. L.C.
' ' • ' '

/-/*r- tf. */*•» uJ/AJa J/J-./I <̂iy£. *y_f-. y/j trM.'-%.
I/ *•<..<-_> £jLftuu ili/tei,* fitlA¥ t-'Ott Xf|-'_
n. .-mi 1̂ 1 . ijtfin'if PctHifir̂ r**.4ij-4L 1
:r>A* ' tj A' a i /JAI z/ix /.j.iH.U' J U H / / ij

V— •'

Appi.iia.£u_--_______ v,T4Jto
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ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

. JobNQ.______4-
Clle
Prol

m USATH-AMA- Burl- ««.#* D.r. f/itfct, tt_.t ft «r/(
_**

Location ol Uormg: '"" " " Calngiatd —— iln —— -rilling mud mid ———
WiUrUvil
Tim
Dltt

8.

f

6

pi

WtS

W,?

i!

7 kr.nd

ii •

i
f i»"

Iis
^

,•:,'

Ij OIPTH
IH
pin
r ™
•• ••
: •;
- •

* fir* •

r^/f u ̂§ •
c ~'
& ^

/]yt
_lw

6H
'

J/l̂ l"-
1 :
.£• ^
r •_

—- —— _ — j/,:/^ : •//•(Wl -l _

i
3i

/

J

i

i

BBcmpnoN
Soil typt, color, taint, cmlsUney, uwl- driving notn,blows ptr foot on cuing, dtpiftt weih wtur lost, oottrvtdnuctu-tlcni In witar mil, mist an drilling MM, He. •

ffrr limn tii/tJt £Aiu4 iii— atrr.i* -,1"'

fiL.r • itVji v/tt . vtit.̂ ^ ari f-ĵ : iulilfA*t
yb y »'- _y>-_ > iJ.iAn.LV JJ-Hr-te.' Ojtiut̂ .

fl LHvr* Jama .il~.4*?. ft tA* AAin ft. <Tii
f/AjJL AttAlftt. [Lljl'l .llAll̂ flt̂  , Aj M-tAI.1 ̂ .̂ JJ.

Lf»i.'*i tAlt1~t A/Alt' AtfLuUtts* '
' ' ' ' '

Pfrri>LAxl Id/Me. t'Afia IAI £A m*. Q.* fji
tAJnft-f. l />•>_• Cfl . X_>A_y. lilAlAt.1
PiA-mt. ' ' mKn. 2>jAit*t' iS 't L.I A u-T-1.1
It* i. *--.' AJAJtf .Ill^Jlu*.

' ' '

ĤtltM**"
FA-rS-AM u/Jlf <AAIA fj> tittr" ,TV<//y.
H _f AA&W - lit AIU.lt 0Ljl*-tt • 'ju'A &
\jtA.*j(-4 <_./̂ _ T-£ V At^ry <•*?. AlAfa'f
A y^i /y i/^ ty ̂* - ' * '

f̂lltl**"""
fu*-fliA*t ttj/Aja *A*I» HCivi!.'** • 4'yv//1
'̂ K. t^AAti ' fJ/AtjA.* flcAfnt. • AA&6. 1
DA Ajtif * q t.t A l+r-L. * j«. ̂ *y i -- » At/lit -
yJi. i. d/1 1> , L. .p. . ' • '

• —————— HRaQli775.

lni>hiii-r^s JJfttLtir ;„, fji.fj/;

•AVL-_______ =.,̂i.
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ENVIRONMENTAL SCIENCE -
AND ENGINEERING, INC.

Cld
Pm •rt

Ct t A rl+t-fa A Boring f»,__'_>.n.'« ?(*•<$' «Mtt___a'__
UlfltU Tvn. of BarlM _______ Din ———————————

Uauon or Boring: ~ ""' ~ Casing i_td —— Sin —— -rilling m_ uwd ——
BarlM h-M Barlnn mnl.Ud

WilarLivtl

OltL

8
.

1

^

1"

II

PI.IdPvty:

ji!

yr-w,̂

»•»-«•

i!

/

«..Al'

•

J!

'

I
/-̂

P''

fV

1i

6/f

rid

OIPTH
INpin

r ™•• -
: -

-
7

-
,
!̂-

••
— <

- :
- -
1'' .

3
-• i

U fr-lltff' i /.»'"_?/Ll<tf-
' ' ' § -

3
1

OBCmPTlON
Soil type, color, tatirt, consitUncy, lanplv driving notM,
blows ptr foot on cuing, dtptnt with wtur tot, otttrvtdfluctutiont In wtur Itvtl, notM on drilling MM, tic.

, IM ItlHliHII t
fî r <i lAt U//AAJ iAjua fH «;. t-t" «-V y/>
DK. flf^Av - iAitiit.it ,(tijt*>n*. A*A'A. i}A.Mij>

i

fh.r jWyJV /y.o ,'_y-̂  ../Ma < Atit J/i »i«r-.
t'f'it/l • UK /ffiut' ili/.tiiH ftAtrit," '

'

F~AT . lltlJSHjA 11 Ii LAf Î /AJ.* .̂ ifil) *tf ̂ f̂  l->
«.— y vA - bK/f.^nu. iJiAitit fi .it~..: • '
*t A p. frjSuiJ.' ts.'AfLi A,nrt.* 'ttA^.^r-i1

ff .-j.,.,/1 an f let ~X'lj,i.. jT-yvAl''
p-y tji . ̂ / î if. t.AAjf. lAi^uLi £*.!**<- 1 * •'
i, •.<j-l ' 1 Ll/u I-L«' «-i, t »" . AJ.-AI!' '
A A. L U :.'.!*. H S JAlA- tS.kO.lf ' 1.U* * :< It

UfcT •' HjLi* C.3., .>» <>I_rtw 'tJ*' •« '

ttK'tVii, -ttf-i-A re a di--. /ll̂ .M' It 7 7" - - I / /\

•
y-'



ENVIRONMENTAL SCIENCE

eiu-i U**TU-kMfi__________ Boring *>.____ Dila—.''*'!&•
Jo-No,.

Lowon 01 Boring; " >,'•--'"- Casing aid —— iln —— Willing out out ———
Waw LSYII

Date

8 1

/J

r1*

/>'

J If

^ *$ f

TH }/ <•

V/V.J1

i!

p

!/i.ta>/tx'li

!;s
lit

if1

$

I
dn

OIPTH
INpirr

- -
. J
: i

fflj
,f Llm •
r̂*T [• __|

- -
'- •
' -

J :
: -i
•• -m
• c'-

91" 'I ! •
r :
_. j
_•„.-

M'tiPiT".
i ; I j

: ' ' _ - • _
.

-

i
/

OCCRIPT1QN
Sail typt, color, tatun, e-nilitancy, jaraple- driving notM,
blows per fool on cuing, dtp-, vwh Mttr tot, oMtrvtd
nucuatiau In wtur livtl, noUt on drilling MM, itc.

, y^)A/J9 /_>ty iJ/~HD% flnl.L t»AIJ AAJ.->

AM a *- Iti '/. a t~<r - if / 9/t . I/ AH . q Atist •
LAIU -T, AJ * -- PL A f*t£ * ̂  _ - * A- • y.yy -! T-'

flhr.-fr-'rt,, .-,. ' ' . '
.'2 ,»j '<>< «_-x->-> rt t/t -tit £MAjt.

A//--< ttiiltj. : AM tit _".— fflttLf* T//X!_. LubrA.
Clt.L.A-1, >'-r<AJ« -B .flat lC/}mrt Itl-fAf

CA~ A-llfAH-M , - ti' LA*t U/lI.i fAAl.f ft 4 tlLt:
ff^'V/l^ftk f.£Ai*' Hit int. Dtninf.

VatALH AffAQiia ft̂ iL AM.AJ* îli-tsK _l,_r

Aetn ̂ ifAdMf"^ *W £/A. JAI 'Â rî f̂ ^f *T*

//.}-" PtJlJflti fJttAfT *t.A*t LttAit̂ jl '. l't*£ fa.t
St-itnit: LllH'\ f^J/lr • JyA-f • ALLU S,UM

IfKlSL.'l /.<if/if>SA FtAi.i »_>d M>/»**K »<t— -.
*A-^ *'/»• x»_(iy« /?f̂ ?yj«f. yu_ r <*i/> ,'r/ / •
~ y y < y > tv^A. t r-. oAHi ALLuitiL.**,'i , , ,

- _ _ i
H h j f] u 7i77

——— 17-
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o-
ENVIRONMENTAL SCIENCE
AMD ENGINEERING, INC.

uauon ol Boring:
filar UvilHa.
_____

Typt of ""'"fl *'j
Cuing iMd___Sln__ Drilling mud uMd_
Boring btgun_____Borlng conplitid-—.
Smnd Btvttlon______rtf«nd to.

.Oitum
FliMPvty:.

I" i! !i OIPTH
IN

nrr al n_«-tUcMlnwtt-'ltTiXrB'_«on*llllngMM,itc.
Soil lypi, color, taturt, comlWncy, mipto driving noUt,blows par foot on cuing, dsetrn with wttar tot, oMtrvtd

78
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ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

J«- Ma. 3 */ JO V

eiu-i UlA-rH-HMi* Boring ifa.̂  n.it 7/a./& g_-tO »>//
_Rlg.

Ba-lm h««- florlnn nml.l-d
Watar Lavtl

Data

8.

m

to

in|i!

Wir-,.1

/̂ •/r*7

•
i

1!

.

,/'

a 1

j_̂

Vt

,. OIPTH

"' Pin
t ~

$Pm~
&<\~~-
P :
E -
t -i
E :

Stf1'1.
I -i
r 1£_E-_J
J*Hj-Mc -a_• -f
E- ^
P. ••
E- -3

! i ,E- -3*,
r •.

3
_

/
^

1
:i

l

OGCRIPT10N
Soil typt, color, tatut, conslitancy, nnpltr driving notot,blows par fool on cuing, depthi wuh wtttr lost, OMKVM
fluct-ttlora In watar livtl, rotas on drilling MM, tic.

Tt.imit'i' jf A t Ait Pi A n AlAtlLU -CAAIAV

«M it - &AAjJii ". ill'* f... AlAlt '. jLLL̂ Ji _>_!
A/A9A 1 .|/.-jtV — ' — v*9.*\ Iff j/lfttt̂  lAAt
9 ti.i*A AAtl . _lj£/_ljU SittjaAAA £-LA*l..

Ill/in ttAAa/ca AuutAUr, iniu* tffJtAimi

!..LI,L **.,:,* A j, juAuitt^' fiXMx-i.'lM /tf/fjtw-
nLut u/«^._- ">.Sf l/i. T>u'-i*f &*ta
tr-AtAJMa 1-AJILI A-. X.——n— At -.AlM/K-fT .

>*<J ff./frn t. < DitAIS- • lii i.-r-' AiAm ̂Ltvitin,

~ltAidAet.tt.il JLA.V ui/AJ.~ jAAAa fa t/Ll-i
liailitAj. ttt, nimt-£Aâ .̂-,!,/t' UtAH-ii
fit Aff̂ f.i i^AUt'A •. jj&lt ' AJA.'A . A. Lt.±i it, ua-

• • • • {
. V.A1 Hit / t At- tt.a »i tUAl.it ' t. ffCllt-

ftuit^tt /till • ?/tAjtit. &fHs.
: • • '

«„_,_« ,a mm . lia*
r tltHJ

.

•

/I D n n i -i — _!
nnuU4 //*f

• - j

#&llflMM> ?«'**• & iftHtoKf Wo«ii_S____!__________..,. _Jza
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tei'
Slea -vV-uy1
Borioi Ho. fj-.'--/3P__________ SHE!——____

____________F,r-AL
_ _______

Ilii " PfaVt f.AfitiiA fffĴ -t «**fr- irrrt.it ______
'jilt-' P-Lai/A /*>.•**!* S* /'fJAlL/t nt̂  rlal-lO
Jill ' iJAauA fA/nft-t jr-j.r'
flit' • D.Aa\J4 Uet_* n ,a< i^AiLAn lJa-/f__________ rl'J-ii
•Illtl- Jfl'Jt {AttfLA ,A.,,.i-'____________________________________

'*-<< -'«"' t lLlt-A J-hL/l
H Ct X

-T) \tl/i <tA,fitul. If-i(/i t!A.t*?Ljt lr-i£.f
u.i i^ti* "!» HA'/ 3A.itt.i lih.A-

ni3.-T)A*!.'j 4&i»l>Lt gjr.g/. t~f ______ _̂
Jilt.". /Pin 1*11 •nL.A.OAf.AAtf 3' flArjAl* niir- t/f It, LSL/ j)Jlt) /A! '•!;!']

_>'' _/!,.... __ «*' ~̂''

I'll AT. fit.*-* yft/. LtiiJtU

"< irtt-A ITS la1

iAAt: /t)tLt,,i.t.
IAIA n 3f>f

1-ttA.A, Tt>

/'If

t£LL
ff)j''. D'/fl.iiĴ . i4ti.it rt ae-' JjJA^t-Ai& ifa-it

/-..«. -T .,.•/___:______________~̂ o
' J ILfct.

y/n lit. ti(i.!.?r i •', /faiL*
i*n"jiAfiiKt n :A:S s:!::.5

P/tiut/i* lit-n

' TI /Vrr'/'ii .J1 -iWV
»/V» liflt'ff i*
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SUa
tonal so. li.c/ • P _______ SB-K_

7\ i~.*. _ i .f l '~Ut<Aeitt. *AtnFi-iL yj'lti?

to'
l"Jt)i — 5 .0 !)->-. -f.AMfl.IL

l"ld''" Q OiiiiD ( AM/UL.- *l±t-OtA Til IN f / T)At J t tlfrtliiti fl/S

ji. ifn.iL n

- ~i)StL tftî  -n "Jo1 / faiL* t Itiitt.

-m Tt'/tAl^iLa iy-./ O'/Vl-

— Liter- Ttir-iL tCj/l 1>M
2O

yyg.--yix{y9 / M /_.y-g<f^AA/> i M fit
4j,---.cA /Mn y.'-r- titlii.t-iL/1 lURItLlLDT (luMHK Ih. *• n

TO

i4ti.ii.

Iff 2- ^AtL/lfi. Aim*. ivAM-Jfl ft At "T* flvi x/X- 0.* lit tit

.. tl) -tAti.,t/£ A^-/ 1 fil.iilAil llLLiilA n<tf

/ lnitAa y/r-A/-t-y^ itttitAiti n <?9f/lAi

B-92

6ftf- AttJLO 'S1 GAftUL _<>//--«•« rt.AI-T /DlHjJ.L tAliX/t TO



Sitl l̂ \filliJ • -
lanni Ho. ri^i-Vya____________ JEtn V Of //

//Z5i"~-.
-IS

/iy/7 _
- Af>

- .Ootd A/rf/AtA. - uj, 1.1,0 it.o •niarr/'laiiJ.
-n ill)'

if if -f- T)o,.l. tistu* ia IA9f
-. ̂ ff ILL A It

TB I til I &AI.
.\I-T- At

r tee Tif af 9"fl±ttAiti ••» /tJ>A*Ajn -. ŷ .-»-< ftit.
"*M A-Jtl-A. Tt

f}
it.lt- LtfT-r < I -rA

frf- </y-_- . ££iÂ */&}j€j} *a ftt'r M.
(tArtAi/t iAI

nll fit' SttAt -It-fV t.ntn'i.io<<AtiiA*t\ nJtA Trot,

ii-U.Af.ti /VT-

t+tLA, .Mir ui * ' A A- J^ /_/n .fP-4.
-T!» g)"?/ <• g.t/r j-g T̂ .-> Putt*.

' /ttifiiu,, -n 9.jf /Af_=y>-;,i.-u-
fl

liyij*

>.lt- *|&
A???.
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5Ul LL) I/J InJ____
«a. l-bJ-ltb_____________ sattST Id OF

- -
Mar tst/UUA.

> - &/ AJ i ; i
-f-U

y/iyj'- Yflivf^A ~-fjA Aft/jr .V.A-.U.' 1 /.*/.'A**-y.*-- J6 !fAffft)'if̂ At_ 30.£/&.< _v.tr-fx.
JA _<y -.fs* (JAAD (Ii JiA -jj"1̂  ATtfi ttt Lti f̂f-JrfJU *fff£fiftf A, fi/fljt. ~ ^^/Mi___// _

f*y/7_jf; A/i /iAi-.'-' .. /Mtt î _jWj_j_ttf_r '̂ >" ____ _
•in- /-/T_I **L__t -̂ /-5̂ t' >t.^i_A/^. _f/_̂ /.t _____ ___

llfA Hit rt ̂ *̂"1"̂  A ĵ. Â l> /10A ut ̂  A it 4 .̂ ^

«*r at. .
-/Pi,., .4 A. n /.'yJ?/l

6nrr-4ii.uA.iti
V SAttilt. m

KLf9 "frn^i.A ft IMIAI/, m J7.'/U)&fUA/> fjtttAiit rttAmir.ta f.'Â it
ibt.^tri itAtiu^.-n 11/* / IJjJituAit AJUiui ±/AiH<ui:tn /ti Â A.

II&Q -/tfi,.« 7̂ -r/j* <tA)t/i--.ig-A M>jf /̂ P,onAAt.
\̂ A5"'ffat.i.if iLfaiil-ti TiQii1 /uJfaUAa rAnnuti'A. n» fi/ttA.

j'̂ '/t * fffJUKA iJ.yiMtA flAAr, at. •J'ttTaf. ft/Lfuf lAflt Ini A

f?tAl,tu.Ait
t it* At A AJ-P* otj A t tt

iWU.
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Q

MONITOR WELL CONSTRUCTION

y; ffm»i>,«jr- Mr.-..rr Cll.n.. //-!/t.T/-/J<n/t
Drilling Conlr.i-lnr 'Sj./̂.̂,.,.'.- y*/.. ĵUĵ L. Loeitlofl! ——— f.fJ-J",1..
DMIm^ttmmm- m';.'ff,-tlJ •,-',t~-̂.i.,..>: Job Mnmh.r Vy.̂ 'X
W.IIM,,rnh.r- ijl .,, • -V 'V .'. Dat.mitl.! fil.rt jf/̂ /̂  _-f>. Btnl.h fit '«'<.:
Commtnlt (lot) olrculitlon Intirvil, Witsr Itnl chingti, Holt coiiiptt Iniirvil, ilc.fc

Otplhi In Rtfirence
to Ground Livtl

!ap.°'.. . . $.?* t ——————— —— .,_,.,.- „.-

Top of Will Cuing —-^ ——

Bottom of - ft

\y _ iu A •?_>"'

Top of Gnvtl Pick- — -J< •

Top of Scratn ——— «-; —— •

t
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•NVIRQNiVIINTAk •CIINCI
AND INaiNHRINO, INC.

April 8, 1986
ESE NO, 84-604-0800-2120

Commander
U.S. Army Toxic and Hazardous
Materials Agency

ATTN: AMXTH-IR (Mr. John F.C. Sanda)
Bldg. E4435
Aberdeen proving Ground, MD 21010-5401

Re: Contract DAAK11-83-D-0007, Task Order 0004, Delivery
Order 0005, West Virginia Ordnance Works Environmental
Survey, Submission of Field Drilling Logs

Dear Mr. Sanda:
I have enclosed the original field drilling logs for the
following wells:

GW 43
GW 45
GW 45D
GW 44
GW 46
GW 49

Please contact either Mr. Robert Hazlett or me if you have
any questions.

Sincerely,

David t. Kraus
Task Manager

DLK/dlk
Enclosures
cc: AMXTH-IR, Mr. R.B. Turkeltaub (w/o enclosures)

R. Hazlett
Project file

B-102 .
P.O.BoxESE Galnesvllla, Florida SSBOS B04/33E-331B TWX B1O-8SB-B310



•NVIRONMiNTAL BCIINCI
AND INOINHRINO, INC. April 22, 1986

84-604-0705-2120

Cog-under
U.S. Amy Toxic and Hazardous Materials Agency
ATTN: AMXTH-IR (Hr. John F.C. Sanda)
Edgewood Area. Bldg. E4435
Aberdeen Proving Ground, MD 21010-5401

Re: Contract DAAK11-83-D-0007, Delivery Order 0005.
Heit Virginia Ordnance Works (WVOW), Environmental Survey,
Field Drilling Log Subnlttal

Dear Hr, Sanda:

I have enclosed the original field drilling logt for the following welli:

GH27D (Abandoned borehole)
CW27D (Abandoned borehole 12)
CW27D (Completed well)
GW47 (Abandoned borehole)
GW47 (Cot-pleted well)
GW48D
OH32S

You should now have the field drilling logs for all wells drilled in the
WVOW Phase II field investigation. Pleaae contact either Hr. Robert
Hazletc or me if you have any questions,

Sincerely,

•,M -?( David L. Krautf
x^ Task Manager

DLK/tsw

Enclosure

cc: AMXTU-1R, Hr, R.B. Turkeltaub (w/o enclosures)
R.C. Hazlett
Project file

B-103
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GENERAL LEGEND - TERMINOLOGY USED IN HVOH FIELD DRILLING LOGS

Consistency - Density
Soft • Loose
Stiff • Medium dense
Hard - Dense
-For wells 43, 45, 45D, 46, 49, 47

Plasticity
Not plastic
Low plasticity
Modems plasticity
Highly plastic
-All wells

Moisture Content
Dry
Vary slightly moist
Slightly moist
Moist
Het • saturated
-All wells

B-104



APPENDIX C—PHASE II

CHEMICAL ANALYSES
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APPENDIX D--PHASE II

LAND SURVEY DATA
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NOTE: Copies in this appendix are the
best quality available,
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JOE LEACH, INC.
P.O. BOX 211

QALUPOLIS, OHIO 15631

-,-O

April 23,

Mr. Robert C. Hazlett
ESE
P.O. Box ESE
Gainesville, Florida 32602
RE: Survey Work

W.Va, Ordnance Works
Dear Mr. Hazlett:

Enclosed are two (2) copies of survey work performed as
per your February So, 1986 request for 10 new Monitoring
Wells and resurvey of 4 EPA Wells.

If you have any questions please advise.

Very truly yours,

End; 2 copies

oseph L. Leach, President
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JOE LCACH, INC.
P.O. BOX Hi

QALUPOUS, OHIO 15S31

PT * NORTH EAST DESCRITPIQN GROUND ELEVATION
ELEV. 9 MARK"

1 697,948.1507 1,695,075.0743 HUB
2 698,273.3.81 1,674,827.1450 GW231
3 698,099.1662 1,695,505.0276 BW49 595.91 598.11
4 698,014.6299 1,695,010.6574 GW23S
5 698,011.2479 1,694,992.0216 EPAHl 589,36 593.29
6 698,011.8038 1,694,942.1362 EPAH2 592.22 595.B4
7 698,052.9850 1,694,920.5838 EPAK3 590.09 592.97
B 698,414.2654 1,694,938.3513 GW48D 594,74 596.77
9 697,932.0094 1,694,774.9373 NAIL IN RD.
10 697,990.1687 1,694,788.8438 flWS46-«w3.S .72.97 594.49
I'l 697,914.2156 1,694,855.0926 EPAK4 *"* 593,91 S96.BB
Ii 697,465.3796 1,695,466.7914 RR SPIKE
13 697,797.7863 1,694,805.62B9 HUB
14 697,555.7683 1,694,612.3632 GW12D
IS 697,566.1654 1,694,643.0197 6W43 612.9 615.07
IB 699,936.5348 1,691,589.1600 GW42
19 700,227.7818 1,692,328.7071 HUB
20 700,161.4082 1,692,321.3802 GW44 60B.63 610.95
21 700,317.85(13 1,692,783.0600 GW27
22 700,363.9228 1,692,718.3030 GW27D 610.43 612.77
23 705,644.8862 1,6B9,7B4.9B97 HUB
24 705,603.7163 1,689,601.5645 HUB
25 706,190.5988 1,689,394.8541 GW47 610.61 612.75
26 704,552.8773 1,689,732.4091 GW32D
27 705,957.97.5 1,690,061.1119 HUB
28 706,272.8563 1,689,894.2033 GW46 607.57 609.71
2? 705,865.6415 1,690,148.6821 GW4S 612.19 614.40
30 705,855.8793 1,690,155.7572 GW45D 612,04 614.21

*Top of PVC well casing.
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